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27th Annual ... 
CATTLE 
FEEDERS 
DAY 
"DEDICATED TO DR. L.B. "COL." EMBRY" 
Jan. 12, 1984 
S.D. State University 
Brookings, S.D. 
/ 
Dedicated to 
DR. L.B. "COL." EMBRY 
Lawrence Bryan Embry was born June 25, 1918, near Morgan­
town, Kentucky. He received his B.S. in Animal Husbandry from 
the University of Kentucky in 1942 and his M.S.A. and Ph.D. from 
Cornell University in 1948 and 1950, respectively. He joined 
the faculty of South Dakota State University in 1950. He has 
served South Dakota State University as Professor of Ruminant 
Nutrition with activities in both teaching and research until 
his retirement in 1983 when he was named Professor Emeritus. 
His research interests have focused on a number of areas in 
livestock feeding and nutrition; vitamin A requirements; nitrate 
utilization and toxicity; feed additives and growth promotants; 
preparation, processing and storage of grains and forages; and 
protein and nonprotein nitrogen utilization. He has been 
responsible for 24 research papers and over 160 departmental 
series publications. He has been involved in over 50 scientific 
papers that have been presented at state, regional and national 
socie£y meetings. He has directed or co-directed programs for 
eight Ph.D. and 26 M.S. students. 
Dr. Embry has long been active in the American Society of 
Animal Science and has held many committee assignments in both 
the Midwestern Section and the National Society. He served on 
the Editorial Board of the Journal of Animal Science from 1970 
through 1972 and 1978 through 1980. He also is a member of the 
American Institute of Nutrition and he served on the National 
Research Council Subcommittee on Nutrient Requirements of Beef 
Cattle which published the fourth revised edition in 1970. He 
was named a Fellow in the American Association for the 
Advancement of Science in 1962 and a Fellow in the American 
Society of Animal Science in 1983. Dr. Embry's years of service 
may best be characterized by his thoroughness and excellence in 
his professional duties and by his dedication to the livestock 
industry. 
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EFFECT OF SOD I UM D I ACETATE ON CORN S I LASE 
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R. M .  Luther and J. Noth n ag e l  
Dep artment of Animal and Ran g e  Sc ienc es 
CATTLE 84-1 
Corn f or a g e  < 57'Y. moisture >  harvest ed f r om t h e  1 98 1  c o r n  
c r op w a s  ensil ed i n  t wo ex p erimen t a l  c o n c r e t e  sil os . One sil o 
was f i l l ed with 3755 l b  of untreat ed f or ag e  and t h e  o t h er with 
4060 l b  of f or a g e  tr eated with sodium diace t a t e  at a r a t e  of 1 
l b  p er t on of wet f or ag e .  
Measurement s  made o n  t h e  sil ag e  inc l uded t emperature and 
c hemic a l  c h ar a c teristics d uring f ermentation , c h emic a l  p r of i l e s  
after a 1 98-day storage p eriod , dig estib i l i ty of n ut rient s  and 
nitrogen r et ained f or p roductive purposes and recovery of d r y  
matt er f ol l owing s t orage .  
Th e resu l t s  of t h e  study ar e :  
1 .  Temperatures durin g  t h e  f irst 3 week s  o f  stor a g e  were 
hig h er f or untreat ed t h an f or t r eat ed f or ag e .  
2.. Forage t r ea t ed with sodium d iacetat e e�·: hibited a more 
r apid d r op in p H ,  higher t it r at ab l e  acidity · va l ues and 
consisten t l y  higher l ac tic acid l evel s d uring f er ment ation t h an 
untreated f orag e. 
3 .  Lactic acid l evel s af t er 1 98 d ays of storage were 
higher f or the sodium diacet at e-treated sil ag e  t h an f or 
untreated f or ag e .  
4 .  There wer e essentia l l y  n o  dif f erences b et ween t h e  
untreated and t reate d  sil age in ter ms o f  dig estib i l ity a n d  
nitrog en r et ention . 
5 .  Sodium d ia c etate-t r eated c or n  sil age r esul ted i n  3 . 4X 
more dry mat t er recovered t h an untrea t ed sil ag e .  
Sil ag e  additives may b e  c a t egoriz ed or g r ouped according t o  
how t h ey f un ction during t h e  en sil ing p r oc ess . Th r ee g roup s 
appear t o  emer g e :  t h e  nutr itive additives <nitrogen , whey , 
mol asses , etc . > ,  aids t o  f ermen t ation ( en z ymes , mic r oorg anisms , 
antio�dd an t s ,  f l avor s ,  etc: . ) and f er ment ation inhibitors 
<organic: acids an d acid-f orming sal ts > . 
1 
L _ __ _ __ __ __ _ _  -
Research at SDSU <SHEEP 81-1 and CATTLE 82-B> with a mixture 
of 20% acetic and 80% propionic acid applied to corn silage (20 
lb/ton> resulted in a marked reduction in lactic acid compared 
to untreated silage. Digestibility of dry matter and crude 
protein were reduced with the acid-treated silage. 
a 
Sodium diacetate , available as a commercial silage addi-
tive, when applied at lower rates (1 lb/ton> than the acid 
treatments previously used at SDSU appears to lead to early 
establishment of lactic acid fermentation. This effect is 
accompanied by improved preservation of nutrients in corn silage. 
The purpose of this study was to compare untreated corn 
forage and forage treated with sodium diacetate in terms of 
chemical characteristics that occur during ensiling. Preserv­
ation of dry matter and utilization of nutrients by beef steers 
were also determined. 
Corn forage from the 1981 corn crop was harvested with a 
conventional forage chop�er. The chopped forage was weighed 
into a feed mixing wagon equipped with a scale and allowed to 
mix for 10 minutes. The forage was elevated into two concrete 
experimental silos each with a 2-ton capacity. One silo was 
filled with untreated corn forage. The other silo was filled 
with forage treated with sodium diacetate which was applied at 
the mixing wagon at a rate of 1 lb per ton of wet forage. 
The silo structures were reinforced concrete culverts 6 
feet high, with a 5-foot inside diameter and a 4-inch wall. 
Each silo was equipped with a 14-inch door and six sampling 
ports. The sampling ports were either 1 or 1 1/2 inches in 
diameter, situated in the silo wall 3 feet above the bottom and 
spaced at 60° angles. The silos were placed on a concrete slab 
equipped with a " U " shaped trough for collection of seepage 
liquids. Packing was accomplished by two persons walking on the 
surface of the silage during filling. The silos were covered 
with a plastic cover and a wooden lid placed on the plastic such 
that the lid fit inside the silo. Cement blocks were placed on 
the lid to provide approximately 1200 lb of weight. An indoor­
outdoor thermometer was installed through one sampling port with 
a sensor located in the center of the silo. Temperatures of the 
silage were recorded at 5 pm daily for 26 days after ensiling. 
a 
Crop-Cure. Domain Industries Inc., New Richmond, WI. 
b 
Blair Manufacturing Company, Blair, NE. 
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Samples were collected at ensiling, daily through the ports 
during a 26-day fermentation period and as the silage was 
removed from the silo. The material was placed in double plas­
tic bags, compressed to remove air, closed with a fastener and 
immediately frozen for chemical analysis. The procedure for 
port sampling was to use an auger <constructed from a wood­
drilling bit> welded to a rod to remove the forage. After 
taking the sample, carbon dioxide was introduced into the port 
and the opening closed with a rubber stopper. 
A chemical silage-quality profile was determined on each 
sample of fermented material. The samples were processed for 
analysis by grinding a portion cf frozen material in a high­
speed, reversible grinder. Portions of the ground material were 
used in dry matter and total nitrogen determinations. A second 
portion was used for preparation of an aqueous extract. Dry 
matter content was determined by toluene distillation with acid 
corrections. Measurements made on the extract included pH, 
titratable acidity, total nitrogen, ammonia nitrogen, lactic 
acid and organic acids (acetic, propionic: and butyric> . 
Preservation of dry matter was determined on the basis of 
total dry matter ensiled versus that removed from the silo. 
Spoiled silage was separated from the good silage, weighed and 
sampled as the silos were being emptied. 
Utilization of nutrients in untreated and treated silage 
was determined in a digesti�n-nitrogen balance trial with beef 
steers. Twelve steers averaging 545 lb were placed in individ­
ual pens at the Animal Science Complex. The pens were equipped 
with individual feed boxes and automatic waterers and were 
situated over concrete slatted floors. The steers were fed 
silage produced locally for about 2 weeks. The steers were then 
weighed and allotted to the two silage treatments with six 
steers each. The experimental silages were fed for 7 days and 
the steers were placed in metabolism crates. A supplement 
consisting of soybean meal C44X protein> , SB. OX; ground corn, 
28. 7%; ground limestone, 2. 0%; dicalcium phosphate, 6. 3% and 
trace mineral salt, 5. 0%, was fed at a rate of 1. 1 4  lb per steer 
daily. Vitamin A was added to the supplement to provide 10,000 
IU of vitamin A per steer daily. 
The steers were allowed to adjust to the metabolism crates 
and a 5-day total collection digestion-nitrogen balance trial 
was conducted. The steers were fed the experimental silages to 
appetite on a twice a day basis. Refused feed was weighed and 
sampled the following morning. Urine and feces were collected 
once daily, measured · or weighed and a 10% aliquot saved for 
chemical analyses. Fecal materials were dried in a forced air 
oven at 70 C for 36 hours. Measures of nutrient utilization 
included percentage digestibility of dry matter, crude protein 
and organic matter. Retention of nitrogen for productive pur­
poses is reported as a percentage of nitrogen consumed. 
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Heat production in untreated and sodium diacetate-treated 
silage is shown in figure 1 .  Temperatures recorded at ensiling 
were 64 F and increased rapidly as fermentation was initiated. 
Untreated silage reached a high of 94 F on day 6 and another 
high of 108 F on day 14 after ensiling. Temperatures of 
treated silage increased less rapidly than untreated silage 
during fermentation, reaching a high of 90 F on day 10 and 
88 F on day 12. Temperatures o f  both silages declined through 
day 26, with higher temperatures for untreated silage than for 
the treated silage. 
The chemical measurements o btained from daily sampling of 
the experimental silages during fermentation are presented in 
table 1. Of the various chemical measurements routinely 
recorded, only pH, titratable acidity, lactic acid and volatile 
fatty acid levels are shown. The major differences in chemical 
characteristics observed with sodium diacetate-treated corn 
sialge as compared to untreated silage were: 
la pH dropped off more rapidly with initiation of ferment­
ation and tended to be more acidic throughout the fermentation 
period. 
2. Titratable acidity values indicate considerable vari­
ability in both silages but tended to be higher in the sodium 
diacetate-treated silage. 
3 .  Lactic acid levels were consistently higher in treated 
silage than in untreated silage. 
4 .  Volatile fatty acid levels were highly variable with no 
consistent trends between the two silages. 
The silos were opened for feeding after 1 98 days of stor­
age. The chemical profiles of the two silages are presented in 
table 2. Treatment of corn forage with sodium diacetate resul­
ted in feedable silage that had a lower pH and a tendency toward 
lower concentrations of ammonia nitrogen and volatile fatty 
acids than untreated silage. Higher titratable acidity values 
were observed for treated silage and were accompanied by higher 
concentrations of lactic acid than for the untreated silage. 
Traces of butyric acid were observed in the untreated silage 
with an absence of this acid in treated silage. 
Digestibility of nutrients and nitrogen retention data for 
untreated and sodium diacetate-treated corn silage are presented 
in table 3. Consumption of dry matter was 760 grams Cl.7 lb) 
greater for steers fed sodium diacetate-treated corn silage than 
steers fed untreated silage. Because of this difference, 
digestibility may have been depressed, resulting in slightly 
lower coefficients of digestibility for this treatment. Nitro­
gen intake was likewise higher for steers fed the treated sil­
age. However, nitrogen retained as a percentage of consumed was 
about the same as for untreated silage. 
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Figure 1. Fermentation Temperatures of Untreated and Sodium Diacetate­
treated Corn Silage. 
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TABLE 1. FERMENTATION CHARACTERISTICS OF UNTREATED AND 
SODIUM DIACETATE-TREATED CORN SILAGE 
----------------------------------------------------------------------------------------a 
Day of 
Ynit;�9:t�9 c 
Titratable Lactic Volatilec 
Sodium diacetate 
Ti tr;;t';t;};f --L;�ti�c Vol ati l ff-
ensiling pH acidity acid acids pH acidity acid acids 
----------------------------------------------------------
-
----------------------------
0 5.10 2.17 0.70 211J22 
1 4.73 2.67 1. 09 1.45 
2 4.42 3.38 1. OB 1.87 
3 4.22 4.57 1. 72 2.39 
4 4.01 6.01 2.69 L82 
5 4.05 6.61 3.65 2.20 
6 4.44 3.51 2 .. 33 2.02 
7 4.97 2. 16 1. 04 1.60 
8 4.01 5. 01 2.80 1. 36 
9 3.79 9.70 2.51 1. 83 
1 (I 3.80 8.85 4.54 2.23 
11 3.65 6.06 3. 18 2.40 
1 2 7.46 (I o. 11 0.16 
13 :3u83 4.22 2.04 1.09 
14 3.48 7.35 3.74 2.03 
15 3. 13 9.88 5.50 1. 34 
16 3.86 7.75 3.78 1. 75 
1 ·7 3.31 10.02 5.05 1. 54 
18 6.02 0.34 .51 .99 
19 4.46 4.96 1. 04 2.10 
20 4.39 8.28 1. 70 2.03 
21 3.35 7.94 3.58 1.83 
22 3d52 6.37 2.82 2.13 
2:3 4.81 2. 19 1. 07 1 ?? . � .... 
: Applied at rate of 1 lb per ton of wet forage. 
Milliters of .1N KOH to raise pH to 7. c 
Percent of total dry matter. 
5.24 1.81 0.83 2.21 
4.52 3.32 1.67 1.76 
4.27 4.32 1.41 1.65 
4.08 5.40 1.94 2.35 
4.02 6.58 3.25 2.65 
4.06 6.48 3.07 1.8 
4.01 6.30 3. 14 L44 
3.91 7.46 3.20 2.09 
3.40 4.85 2.92 2.3(t 
3.42 6.24 3.;66 2. 15 
3.71 8.74 4.33 1. 24 
3.87 7.42 3.43 1.81 
3.38 8.51 4.37 1.99 
3.26 8.84 4.45 1.94 
3.75 9.33 4.(19 2.48 
3.07 8.76 4.21 1.79 
3.22 8.59 4.48 2.05 
3.05 9.78 6.03 2.17 
3.22 9. 17 4.75 1. 42 
3.60 6.71 3.97 2. 12 
3.50 8.88 4.49 1.09 
3.22 9.65 5.20 2.00 
3.20 10.13 4.22 2.04 
3.54 11.38 3 .. 30 2.67 
TABLE 2 .  CHEM I CAL PROF I LES OF UNTREATED AND SOD I UM 
D I ACETATE-TREATED CORN S I LAGE AT T I ME OF FEED I NG 
Unt r ea t ed 
No . of same l es 1 3  
Dry mat t er 40 . 5 1 
pH 4 . 47 
Ti tr at ab l e ac: i d i dty 
c 9 . 35 
Ammon i a  n i t r og en L65 
Per c en t  o f  dry matt er 
Crude p r ot e i n 8 . 20 
Lac t i c:  ac i d  2 . 34 
Vol at i l e  f at t y  ac i ds 
Acet i c:  1 .89 
Pr op i on i c: . 40 
BLltyr i c:  Te 
Tota l  2 . 29 
App l i ed at rate of 1 l b /t on wet f or ag e .  
b 
Tol uene d i st i l l at i on wi t h  ac i d  c or r ec t i on .  
c 
Mil l i l et er s  of . 1 N KOH t o  r a i se p H  t o  7 .  
d 
Per cent of total n i t r ogen . 
e 
Tr ac: e s .  
7 
Sod i um d i ac:e�a t e­
t r eat ed 
1 1  
44 . 73 
4 . 06 
1 2 . 64 
1 . 44 
8 . 1 4  
3 . 47 
1 . 62 
• 35 
None 
1 . 96 
TABLE 3. D I GEST I B I L I TY AND N I TROGEN RETENT I ON W I TH STEERS 
FED UNTREATED AND SOD I UM D I ACETATE-TREATED CORN S I LAGE 
----------------------------------------------------------------
B92iti�§ tc�stm�nt 
Sodium diacetate-
Untreated treated1 
-----------------�-------------------------�------------------�-
No. cf steers 6 6 
Avg weight, lb b 544.3 546.3 
Dry matter consumption, g/dly 5800 656 1 
Nitrogen consumption, g/day 90. 73 10 1. 18 
Digestibility, % 
Dry matter 70. 94 69. 55 
Crude Protein 63. 14 62. 82 
Organic Matter 
g/dayb 
72.43 70.78 
Nitrogen balance, 
Fee: al 33030 37.78 
Urinary 16.92 18. 27 
Retained 40. 5 1  45. 13 
Percent nitrogen retained 
of consumed, % 44.65 44.60 
Applied at rate of 1 lb per ton of wet forage. 
b 
454 grams = 1 lb. 
The effect of sodium acetate treatment on corn silage dry 
matter preservation is presented in table 4. The dry matter 
recovered for feeding as a percentage of dry matter ensiled was 
87.99 for untreated silage and 9 1.29 for treated silage. This 
amounted to a 3. 4% increase in dry matter recovery. Spoilage 
and nonrecoverable losses were low but favored the sodium diace­
tate treatment. 
The experimental silages prepared in this study were not of 
the quantity that would be available in larger tower-type silos. 
Nevertheless, the chemical characteristics observed during a 3-
week fermentation and at the end of a 198-day storage period 
closely resemble the quality of silage stored in larger struc­
tures. Sampling during the fermentation period provides a 
second dimension in that the basic processes of the ensiling 
process can be monitored with comparisons between silage addi­
tive treatments. Port sampling has a disadvantage in that a 
port is sampled several times, thus contributing some variation 
in chemical measurements. The values obtained in this study for 
dry matter recovery were also quite similar to those observed 
with corn silage stored in concrete stave silos. 
8 
Dr y 
Dry 
Dry 
Dry 
Dry 
. _.�-
TABLE 4 .  PRESERVAT I ON OF DRY MATTER OF UNTREATED 
AND SOD I UM D I ACETATE-TREATED CORN S I LAGE 
099i�i�§ t��s�m�nt 
Sodium diac et ate-
Unt r eated t r eat ecF 
matter c:on t en t  
at ensil ing ,  Y. 
l bb 
43 . 26 45 . 1 9 
matt er stored , 1 624 . 4 1 834 . 7 
matt er f or f eedin g , l b  1 427 . 7 1 674 . 9 
As a Y. of dry matt er 
ensil ed , Y. 87a89 9 1 . 29 
mat t er spoil ed , l b  20.3 1 8 . 6 
As a Y. of dry matt er 
ensi l ed ,  Y. 1 . 25 1 .  0 1  
mat t er n ot r ec over ed , l b  1 76. 4 1 4 1 . 2  
As a Y. of dry mat ter 
ensil ed , /. 1 0 . 86 7 . 70 
a 
App l ied at r at e  of 1 l b  per t on wet f or ag e .  
b 
Storage p er iod = 1 98 days • 
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CATTLE 
FEEDERS 
DAY 
EFFECTS OF BACTER I AL I NOCULAT I ON OF CORN S I LAGE ON 
FEEDLOT PERFORMANCE, NUTR I ENT UT I L I ZAT I ON ,  
PRESERVAT I ON AND AEROB I C  FEEDBUNK L I FE 
J. 8. Not h n ag e l , R .  M. Lut h er , 
L .  F .  Pal mer and L .  B .  Emb ry 
Department of An i ma l  an d Rang e  Sc i ences 
CATTLE 84-2 
A total of 1 68 steer c a l ves of Angus and Angus x Her ef ord 
b r eeding aver a ging 58 1 l b  wer e  used in a 1 03-day f ee d ing t r i a l . 
Two s i l ag e  an d s i x p r o t ein sup p l ement tr eatment s  with t wo r ep l i ­
c at i on s  per sil a g e-sup p l ement c ombination wer e used . Two 1 8  >: 
50 f t  c o n c r et e  stave sil os were used t o  store t h e  untr eated 
sil age and t h e  s i l ag e  inocu l ated with 1 00 b i l l io n  c o l ony f or m i n g  
un i t s  of be�:!a;;i12s!;ill!:!.§ 12.l.en:t.s!:l:!!!! p e r  t on o f  wet f or a g e  a The 
moi stur e c on t en t  of f or ag e  at stor a g e  was 6 1 %. The c ontrol 
sup p l ement c o n t ained 8 . 2% crude p r o t e i n ,  wh i l e  t h e  r ema i ning 
�up p l eme n t s  contained 3 1  to 34X c r ud e  protein . Avera g e  dail y 
g ain , d r y  mat t er consumption a n d  f eed r equired per unit g a i n f or 
steer s f ed t h e  untreated sil age were 2 . 59 l b . , 1 7 . 06 l b .  and 659 
l b. ,  r espective l y .  The val ues f or steers f ed the ino c u l ated 
si l ag e  were 2 . 57 l b  • .  , 1 7 . 00 l b .  and 665 l b .  
D i g estibil it y  a n d  nitrogen r et ention were measLt.red i n  t wo 
5-d ay total c o l l ection studies using s i x st eer s p er s i l ag e  
t r eatment . Percent dry matt e� and c r u d e  pr otein di�est i bi l i ty 
f or t h e  untr eated sil age wer e 6 5 . 65 and 58 . 94 <tr i a l I >  and 
67.74 and 5 8 . 77 < tr i al I I > . Va l ues f or the inocu l ated s i l ag e  
wer e 68 . 55 an d 59 . 85 <tr i al I >  and 7 1 . 1 4  and 63 . 34 < trial II>. 
Nitr o g en r e t a i ned as a percentage of c on sumed was 36 . 0  and 35. 1 
and 34 . 2  and 4 3 . 5 f or t h e  untreated and t r eated s i l ag e  i n  t r i a l s 
I and I I , respec t i ve l y .  
Preservat i on o f  d r y  matter was about t h e  same f or u n t r eated 
and i n o c u l ated sil ag e .  Recovery of f eedab l e  s i l ag e  aver aged 
about 88% f or the t w o  sil a g es . 
Resu l t s  of d et er minat i on s  made on samp l es taken dur i ng t h e  
f eeding p er i od show a ran g e  o f  variabi l i ty i n  p H ,  t i tratable 
ac i dity , ammonia n i t r o g en and l ac t i c ac i d  l evel s .  An aver age of 
a l l samp l es showed on l y  smal l dif f er en c es i n  t h e  var i ous mea­
surement s  f or t h e  untreated and the i noc u l ated s i l ag e .  
Aer ob i c  
mat t er l oss 
l ation of 
Losses at 
( f eed b unk l i f e >  studies g ave an i nc on s i stent dry 
r esponse r e l at i ve t o  b�StQ�es!!!Y§ e!�nt�r:Ym i n ocu­
corn sil age t h r ou g h  1 5  d ays of ex posur e t o  a i r .  
1 5  d ays r an g ed f r om 25 t o  341. of t h e  i n i t i al dry 
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matter. Temperatures recorded for the two experimental silages 
were similar in trial I. However, in trial II the peak response 
was quite different. Peak temperatures of 120 to 126 F were 
observed at 4 to 5 days exposure to air with both the untreated 
or inoculated silage. 
The making of quality silage is largely dependent upon the 
fermentation process as carried out by microorganisms present in 
the forage during ensiling. Research has shown that the number 
of these organisms can vary considerably in the corn forage. 
Inoculation of the forage with microorganisms favorable to fer­
mentation such as Lactobacillus species is a means of reducing 
variation due to kind and number of fermentative organisms. 
Previous research at SDSU has shown there is very little differ­
ence in feedable corn silage quality with microbial inoculation, 
but that the fermentation process can be accelerated as indi­
cated by higher lactic and organic acid formation. Lower fer­
mentation temperatures were also observed with inoculated silage 
than untreated silage. The purpose of this experiment was to 
determine if a highly concentrated silage inoculant containing 
b�£tQ���i!!Y§ e!�Dt��yma would improve silage quality and pre­
servation when compared to untreated silage. Response to inocu­
lation was compared with uninoculated silage in terms of feed­
lot performance of beef cattle, nutrient digestibility and 
nitrogen retention by steers, chemical quality and aerobic sta­
bility. 
Corn forage from the 1 982 corn crop was harvested at ap­
proximately 57% moisture with a conventional forage chopper. 
Loads of forage were stored alternately between two concrete 
stave silos (18 x 50 ft). The blower for one silo was equipped 
with a sprinkler head attached to a flow meter and connected to 
a 55-gallon steel barrel containing the liquid silage inoculant. 
The solution was prepared by dissolving 1 lb of the inoculant in 
45 gallons of nonchlorinated water. The flow rate was adjusted 
to dispense 1 gallon of solution per ton of forage. This was 
equivalent to 10 grams <10 billion colony-forming units per 
gram> of product per ton. Each silo was filled rapidly to the 
level of the unloader and then leveled. A sample was collected 
from each load of chopped forage and frozen for chemical analy­
sis. 
------- ---- ---- ---a 
Biomax, SI, Chr. Hansen's Laboratory, Inc., Milwaukee, WI. 
11  
A total of 168 head of Angus and Angus x Hereford steers 
averaging 581 lb were used in the study. The steers were allot­
ted to 24 pens with 7 steers per pen. A shrunk weight was taken 
following an 18-hour stand without feed and water at the begin­
ning of the test period and at each 28 day interval during the 
103-day study. 
The two pens cf cattle fed each silage treatment received 
one of six protein supplements. The supplement portion of this 
study was part of a research project dealing with sources of 
protein for beef cattle and sheep (see CATTLE 84-4>. A control 
supplement (designated A> without a high protein ingredient 
contained 8.2% crude protein. The five remaining supplements 
<designated B, C, D, E and F> included ingredients rich in 
protein or protein e quivalent and ranged from 31 to 34% crude 
protein. All supplements were fortified with macro and micro 
minerals and vitamin A. Lasalocid sodium <Bovatec-68a ) was 
added to the diets to provide 30 grams of drug per ton of dry 
diet. 
The cattle were fed once a day and the silage and supple­
ment were mixed on an individual pen basis. The cattle were fed 
according to appetite and diet composition was maintained at 90% 
dry matter as silage and 10X as supplement. Samples of silage 
were collected twice weekly and supplements once a week. A 
moisture determination was made on all samples so that the 
silage and supplement could be maintained at the desired ratio. 
Two total collection CS-day> digestion and nitrogen balance 
trials were conducted with 12 steers averaging 539 lb <trial I> 
and 618 lb <trial II>. The corn silage for these studies was 
from the silos used in the feeding trial. Digestion trial I 
utilized silage from the upper 1/3 of the silo, while digestion 
trial II utilized silage from the lower 1/3 of the silo. Six 
steers were allotted to each silage treatment and placed in 
metabolism crates for the study. A 7-day adjustment period was 
allowed for the steers to adapt to the conditions of the metabo­
lism crate. During the 5-day collection period that followed, 
the steers were fed twice daily. Silage was fed to appetite and 
a protein supplement was top-dressed on the silage at a rate of 
1.14 lb per head daily. The supplement consisted of 58% soybean 
meal <44% protein>, 28.7% ground corn, 2.0% ground limestone, 
6.3% dicalcium phosphate, 5.0% trace mineral salt and vitamin A 
<10, 000 IU/lb>. Collection and handling of fee� refusals, feces 
and urine followed conventional procedures. Digestion coeffi­
cients for dry matter, crude protein and organic matter were 
calculated. Fecal and urinary nitrogen losses were determined 
and retention of nitrogen available for productive purposes 
reported as a percentage of nitrogen consumed. 
a 
Hoffman-LaRoche Inc.� Nutley, NJ 
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TABLE 1. UNTREATED AND MICROBIAL-INOCULATED CORN SILAGE FOR FEEDLOT STEERS 
<March 1 to June 12, 1983, 103 Days) 
Supplement Groups 
A B c D E F Average 
Untreated Silage 
No. animals 14 14 14 14 14 14 84 
Initial wt, lb 583.0 582.5 578.5 584.(1 580.0 578.5 581.1 
Final wt, lb 810.5 855.0 835.0 853.5 867.0 866.0 847.8 
Avg daily gain, lb 2.21 2.65 2.49 2.62 2.79 2.79 2.59 
Avg daily ration, lb
a 
15.62 17.60 17.10 17.22 17.30 17.52 17.06 
Feed/100 lb gain, lb
a 
707 664 687 657 620 628 659 
Microbial-Inoculated Silageb 
c 
No. animals 14 13 14 14 14 14 83 
Initial wt, lb 580.5 579.5 582 .. 5 579.5 583.0 580.0 580.8 
Final wt, lb 803.5 852.4 852.5 865.0 856.0 840.5 845.0 
Avg daily gain, lb 
Ib
a 2.17 2.65 2.62 2.77 2.65 2.53 2.57 
Avg daily ration, 15.75 17.18 17.38 17.08 17.46 17.17 1 7. 00 
Feed/100 lb gain, lb
a 
726 648 663 617 659 676 665 
----------------------------------------------------------------------------------------
a 
Dry matter basis. 
b 
b��igb��il!Y§ Ql�Di��Ym fermentation product applied at 10 g per ton of forage. 
c 
One steer died of causes unrelated to either silage or supplement treatments. 
E��a��Ystign� �b�missl �bs�ESt�Ci§tisa sD9 e��QQiS 
§tsQilit� §t�9i�a 
The preservation of corn forage/silage was calculated on 
total pounds ensiled versus total pounds removed based on dry 
matter content of the samples of forage going into the silo and 
samples of silage removedu The surface layer of spoiled or 
waste material from each silo was removed, weighed and adjusted 
to a dry basis. 
A routine chemical quality profile was completed in the 
laboratory on all silage samples. Moisture content of the 
forage going into the silo was determined by drying in a forced­
air oven. The toluene distillation method with acid correction 
was used to determine the dry matter of the silage removed from 
the silo. A w ater extract was prepared from ground silage and 
analyzed for pH, titratable acidity, ammonia nitrogen and lactic 
acid. 
Two aerobic feedbunk stability studies were conducted uti-
1 izing each silageu The procedure was to place 6.6 lb of silage 
in plastic pans exposed to the atmosphere at temperatures of 24 
to 26 C for 15 days. Three replication samples per silage 
treatment were removed at O, 3, 6, 9, 12 and 15 days. The 
replicates were combined and dry matter content determined by 
toluene distillation procedures. Temperature was continuously 
monitored by thermocouples inserted into each pan of silage and 
connected to a chart recorder. 
The results of the 103-day feeding trial summarized by 
supplemental protein treatments are presented in table 1. Aver­
age daily gains were low for both silage treatments and sup­
plement group A which received no additional protein. Groups B 
through F responded to supplementation, but there was no consis­
tent trend in gains between silage treatments and no apparent 
interaction of silage treatment and supplement group. Overall 
daily gains averaged 2.59 lb per steer for steers fed untreated 
corn silage and 2.57 lb for steers fed the inoculated silage. 
Dry matter intake averaged about 17 lb per steer for both 
silage treatments. Feed re quirements per hundred pounds of gain 
were about the same, 659 vs 665 lb. for untreated and treated 
silage, respectively. 
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Results of digestion and nitrogen balance studies with beef 
steers are presented in table 2 .  In each trial digestibility of 
dry matter crude protein and organic matter was higher with the 
inoculated silage than with untreated silage. Digestibility 
appeared to be slightly higher for silage from the lower third 
of the silo <trial I I >  than from the upper third of the silo 
<trial I > . 
Nitrogen balance data for trial I showed no important 
differences in fecal, urinary or retained nitrogen between the 
silage treatments. However, in trial I I ,  nitrogen intake was 
slightly higher ( 18 g per day> for steers fed the inoculated 
silage than for steers fed the untreated silage. Nitrogen 
retained for productive purposes as a percentage of nitrogen 
consumed was higher, 43 . 5X vs 35 . 1 ,  for the inoculated corn 
silage than for the untreated silage. 
The improvement in nutrient digestibility observed here did 
not parallel the performance results obtained in the feeding 
trial. Reasons for this discrepancy are not apparent. 
TABLE 2 .  D I GEST I B I L I TY AND N I TROGEN UT I L I ZAT I ON W I TH STEERS 
FED UNTREATED AND M I CROB I AL- I NOCULATED CORN S I LAGE 
No. of animals 
Avg weight, lb 
Dry matter intake, lb 
Qi_g�§t!J2ili:t::t.:r.. � 
Dry matter 
Crude protein 
Organic matter 
�i:.t;,r:gg�O, J.�l !2slsos�.:r.. 
Nitrogen intake 
Fecal N 
Urinary N 
N retained 
Retained of consumed, 
Trial I a 
Untreated Inoculated 
6 6 
519 . 5 558 . 0 
12 . 7  13.1 
65 . 65 68 . 55 
58.94 59 . 85 
66.95 70a07 
gLf::!s::t 
92 . 0 90.7 
37. 1 37 . 2 
21.8 22.5 
33 . 1  31 . 0 
/. 36 . 0  34a2 
Trial II a 
Inoculated Untreated 
6 6 
625 . 7 609.3 
13 . 5  15 . 2  
67 . 74 71.14 
58 . 77 63 . 64 
69.02 72.35 
95 . 2  112.9 
39.3 41. 1 
22.5 ,..,..., -.:...:. • I 
33 . 4  49.1 
35 . 1  43�5 
-----------------------------------------------·-----------------
a 
b�£:.!;.Q!2�£!!!Y§ 2l�!Jt�CYID fermentation product applied at 
10 g per ton of wet forage. 
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§£sQili1� §tygi�a 
Table 3 shews dry matter recovery and dry m atter loss 
during storage of the two silages. Average dry matter content 
cf forage at ensiling and silage at feeding was essentially the 
same for each silage. Th& recovery of dry m atter for feeding 
was 88.3 1 %  for untreated silage and 88. 1 4% for the microbial­
incculated silage. Losses of dry matter as spoilage and as 
nonrecoverable dry matter were also about the same for the two 
silages. 
TABLE 3. DRY MATTER <DM > RECOVERY OF UNTREATED 
AND MICROB I AL- I NOCULATED CORN S I LAGE 
Item 
Avg forage DM , % 
Total dry matter ensiled, lb 
Avg silage DM, % 
Dry matter available for feeding 
Percent of ensiled, % 
Spoilage losses, lb 
Percent of ensiled, ;. 
Non recoverable losses, lb 
Percent of ensiled, % 
Untreated 
39 . 40 
1 66,969 
42.23 
1 47 , 450 
88 . 3 1 
457 
0 . 27 
1 9,062 
1 1 . 42 
a 
Inoculated 
39.64 
1 69,245 
43. 07 
1 49 , 1 72 
88 . 1 4  
533 
0 . 31 
1 9 , 540 
1 1 .55 
bsste��SillY� e!sat�CYfil fermentation product applied 
at 1 0  g/ton wet forage. 
The results of chemical quality analyses of samples collec­
ted after the silos were opened for feeding ( 1 35 days after 
ensiling) are presented in table 4 .  The rather wide range in 
values for the different measurements appeared to be due to the 
variability of samples taken from the upper third of the silo. 
Average values show very little effect of silage treatment on 
any of the quality parameters. The variations observed in 
sampling this quantity of silage are of the magnitude that would 
be expected with a tower-type silo structure. 
The results of two aerobic stability studies are presented 
in table 5. Dry matter losses on days 3 and 6 were higher for 
the treated silage in trial I but were lower for the same silage 
treatment in trial II. Losses after 6 days varied among trials 
and treatments. In trial I after 1 5  days of expqsure to air, 
treated silage lost 281. of the original dry matter.as compared 
to 25% for untreated silage. In trial II, dry matter losses 
were 32% for treated silage and 34% for untreated silage. It is 
unlikely that silage placed in the feed bunk would be exposed to 
air for this length of time before being consumed. Even 3 days 
16 
Noa 
Dry 
pH 
TABLE 4. CHEMICAL PROFILES OF CORN SILAGE FOR FEEDING AS 
AFFECTED BY MICROBIAL INOCULATION OF THE FORAGE AT STORAGE 
of sampS es 
m atter, Y. 
Untreated silage 
Range Average 
19 
37. 74 55. 18 43. 07 
3. 57 4. 47 3.91 
a 
Inoculated silage 
Range Average 
20 
37.11 50. 10 42. 23 
3. 67 4.50 3. 85 c 
Titratable ac�dity 4. 63 14. 60 9. 52 S. 54 12. 71 10. 06 
Crude protein 7. 27 9. 58 S. 45 6. 69 10. 18 8. 2 7 e Ammonia nit'dogen 0. 040 -- 0. 304 0. 127 0. 074 -- 0. 390 0. 160 
Lactic: acid L68 7. 48 4. 40 2.20 6.03 4.29 -- --
a 
b��tg��S!!!Y� e!�Ot�CYID fermentation product applied 
at 10 g/ton wet forage. 
b 
c: 
d 
e 
Toluene distillation with acid correction. 
Millileters of . 1N KOH to bring pH to 7. 
Percent of dry matter. 
Percent of total nitrogen. 
TABLE 5. DRY MATTER LOSSES OF UNTREATED AND TREATEDa 
SILAGE DURING EXPOSURE TO AIR 
Day 
3 
6 
9 
12 
15 
�c� m�t��c !9E�� �b 
Trial 1 Trial 2 
Untreated Treated Untreated Treated 
7.91 10. 69 19. 52 8. 5 3  
10. 94 18. 31 26. 50 21.91 
17. 09 24. 14 28.89 28. 31 
22.02 21.57 33. 04 31. 49 
25. 12 28 . 41 33.72 31. 56 
------------------------------------------------------·----------
a 
b�stg��s!!!Y� Q!�O��CYffi f�rment�tion product applied at 
10 g/ton of wet forage. 
b 
Dry matter determined by tolu�ne distillation. 
each day is based on the average difference of 
samples from day O. 
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Loss for 
triplicate 
woul d b e  long er t h an s i l ag e  shou l d  rema i n i n  t h e  b un k. Never­
t h e l ess, when stored si l ag e  i s  prep ar ed f or f eed i ng t h e  ef f ec t s  
o f  exposure t o  a i r may i nf l uenc e  t h e  d r y  matt er avai l ab l e  f or 
f eed i ng .  
The t emperature p r of i l es of unt reated and i nocul ated si l ag e  
ex p osed t o  t h e  atmosphere i n  t h e  stab i l i ty stud i es are pr esented 
i n  f i gures 1 a n d  2 .  The curves shown i n  t h e  graphs are based 
upcn the average temperat ur e of three r ep l i c at i ons cf hour l y  
i nterval s .  Amb i en t  t emperature was rath er c on s i stent d ur i ng t h e  
study at 25 C <77 F > . 
In f i gure 1 <tr i al I > , t w o  p eaks are shown f or each si l ag e .  
W i th unt r eated s i l ag e  th ese occur r ed at 50 h our s < .2  d ays > and 
125 hours <5 d ays > and t emper atures of 37 C < 98 F> and 49 C <120 
F > , respecti ve l y .  Peaks f or t h e  i nocul ated s i l ag e  were si mi l ar 
and appeared at 40 h ours < 1.7 d ays) a n d  110 h ours < 4 . 6 d ays > 
and correspond t o  t emperatures of 38 C < 100 F >  and 50 C ( 12.2 F > , 
respect i ve l y .  
Resu l t s  o f  aerob i c  stabi l i ty tr i al I I  are shown i n  f i gure 
2n Upon ex p osure t o  t h e  atmosph ere, t emperatures i n  un tr eat ed 
si l ag e  i nc reased r at h er stead i l y ,  reac h i n g  a peak at 72 hours ( 3  
d ays > a n d  a temperatur e o f  4 5  C (113 F > . Temp eratures d ec l i ned 
steadi l y and e qu i l i b r ated w i t h  r oom t emper at ur e at 135 hours 
< 5.6 d ays) .  Th e r esponse of treat ed si l ag e  t o  t h e  atmospher e 
d i f f er ed g r eat l y  f rom untreated s i l ag e .  Severa l  h i gh t emper a­
t ures were obser ve d . They occur r ed at 39 hours < 1.6-days > wi t h  
3 5  C (95 F > ; 53 h ours < 2 . 2 d ays > w i t h  38 C < 100 F >  and 96 hour s 
< 4  days > w i th 52 C <126 F > . 
The t emperature p h en omena obser ved i n  these stud i es i s  n ot 
f u l l y  und e r st ood. Heat p roduc t i on app ears t o  b e  associ at ed w i th 
aerob i c  g r owth of yeast s ,  mol d s  and o t h er bact eria and wi th t h e  
degradat i on o f  dry matt er under t hese cond i t i on s .  Further 
r esearc h  i s  p l anned to c l ar i f y t h es e  resu l t s .  
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Figure 1 .  Aerobic stability temperature profile of untreated 
and inoculated silage (Trial I) . 
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Aerobic stability temperature profile of untreated 
and inoculated silage (Trial II) . 
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EFFECT OF ENZYMES ON CORN S I LAGE QUALI TY ,  
PRESERVAT I ON AND UT I L I ZAT I ON B Y  BEEF STEERS 
R .  M .  Luth er and J .  Nothnagel 
Depar tment of Ani mal and Rang e  Sc i ences 
· CATTLE 84-3 
Cor n ·  f or ag e  < 617. moi stur e >  h arvested f rom t h e  
c r op w a s  ensi l ed i n  two exper i ment a l  c on c r et e  s i l os .  
was f i l l ed w i th 4600 l b  o f  unt reated f or ag e  and t h e  
0011 l b  of f or ag e  treated w i t h  a mi xture of enz ymes 
t h e  r at e  of . �  l b  p er t on of wet f or ag e .  
1 981 corn 
One si l o  
other wi t h  
a p p l i ed at 
Measurement s  t a k en d ur i ng t h e  exper i ment i nc l uded t empera­
t ur es and chemi c a l  c h ar ac t er i st i c s  dur i ng f er ment at i on ,  chem i c a l  
prof i l es a f t er a 213-day storage p er i od a n d  d i g esti b i l i t y of 
nutr i en t s  and reten t i on of n i t rogen by b ee f  steer s .  Dry mat ter 
p r eservat ion was a l so d etermi ned . 
The resu l t s  of t h e  study wer e :  
1 .  Temp er at ures d u r i ng - t h e  3 week s  o f  storage were about 
the same .f or the untreated as f or enz yme-treated si l age. 
2 .  S i l ag e  t r eated w i th a mi xtur e of enz ymes < protei nase 
amy l ase and gumase > had g eneral l y  h i g h er l act i c  ac i d  l evel s than 
unt reated s i l ag e  both dur i ng t h e  i n i t i al storage p er i od and at 
the t i me of f eed i ng .  
3 m  Format i on of org an i c  a ci ds was sl i gh t l y  l ower f or 
enz yme-treated si l ag e  d ur i ng f er mentat i on and a l so at t i me of 
f eadout . 
4 »  There were n o  d i f f er en c es b et ween t h e  e>: per i men t a l  
si l ages i n  d i g est i b i l i ty of nutr i en t s .  However , steers - f ed t h e  
enz yme-tr eated s i l ag e  r et ai ned l ess n i t rogen .f or produc t i ve 
purposes than steer s .f ed t h e  unt r eate d  si l ag e .  
S a  Dry matt er recovary was 99 . 87. .f or untreated si l ag e  and 
97 . 6% T or treated si l ag e .  
R&search a t  t h e  South Dakota Experi ment Stat i on has b een 
d i rected · t oward msthods of i mp r cvi n� of corn si l ag e  qual i ty and 
preservat i on .  The use of var i ot.1s c ommer c i al add i t i ves i n  si l ag e  
ma k i ng c ont i nu�s t o  b e  o f  i nt er est t o  f ar mer s and ranchers of 
South D a k ot a .  The add i t i ves r esearched at SDSU i nc l ud e  vi ab l e  
and nonvi ab l e  bacter i al i nocul ant s , org an i c ac i ds ,  sod i um d i ace­
tat e ,  an ammon i a-mol asses-m i neral suspensi on and enz ymes . 
2 1  
Enz ymes ar e g r ouped among the a d d i t i ves wh i ch appear t o  
al ter o r  a i d t h e  si l ag e  f ermentat i on p rocess . Enz yme a d d i t i on s  
may i nf l uenc e  t h e  degr ad at i ve p r oc esses wh i ch occ ur d ur i n g t h e  
f erment at i on an d subsequen t l y af f ec t  ac i d  f or mat i on .  The pur­
p ose of th i s  study was t o  deter m i n e  the ef f ec t  of a m i x ture of 
enz ymes a app l i ed at stor age on c or n  s i l ag e  f ermentat i on c h ar­
acter i st i c s .  Nut r i en t  ut i l i z at i on b y  c at t l e and preservat i on of 
dry matt er were a l so measured i n  c ompar i sons wh i ch i nc l uded Ltn­
treated and enz yme-treated s i l ag e .  
Corn f or a g e  f rom t h e  1 98 1  corn c r op was h ar vested w i th a 
c on ven t i onal f or a g e  c h o p p er . A l t h ough g r a i n c on t en t  of f orage 
was not determ i ned , the f or ag e  was f r om wel l -eared c or n  p l an t s  
a n d  c on t a i ned 6 1 . 4X m o i stur e at t h e  t i me c f  ens i � i ng .  The 
chopped f or ag e  was w e i g h ed i nt o  a f ee d  m i x i ng wagon equi p p e d  
w i th a sca l e and a l l owed t o  m i x f or 1 0  m i n utes . The f or ag e  was 
tran sf err ed by means of an e l evator to two ex per i mental c on crete 
s i l os .  One s i l o  was f i l l ed w i t h  unt r eated f or ag e .  The other 
s i l o  was f i l l ed w i t h  f or ag e  t r eated w i t h  an enz yme product 
ap p l i ed at a r at e  of . 5  l b  p er ton of wet f or ag e .  The p roduct 
c ont a i n e d  a m i x ture cf p r ot e i nase , amy l ase and g umase enz ymes . 
Wei g h i ng and h an d l i ng p r ocedur es were t h e  same f or b oth s i l ag es .  
The s i l o  structur es were r e i n f or ced c on c r et e  c u l ver t s  6 
f eet h i g h  w i th a · 5-f oct i ns i d e  d i ameter and a 4-i n c h  wal l .  Each 
s i l o  was e qu i p ped w i t h  a 1 4- i n c h  d oor open i ng the h e i g h t  of t h e  
s i l o  an d s i x samp l i ng p or ts .  The samp l i n g p or ts wer e e i ther 1 
or 1 1 /2 i nches i n  d i ameter , s i tuat ed i n  the s i l o  wal l 3 f eet 0 above t h e  bottom and sp aced at 60 ang l es .  The s i l os were 
p l a c ed on a concret e  s l ab equi p p ed w i t h  a " U "  shap ed t r ou g h  for 
c o l l ec t i on of seepage l i qu i d s .  Pac k i ng was a c c omp l i sh ed by t wo 
p er sons wal k i ng on t h e  sur f ac e  of t h e  s i l ag e  d ur i ng f i l l i ng .  
The s i l os were c overed wi t h  a p l ast i c  c over an d a wooden l i d  
p l aced on t h e  p l ast i c  suc h  t h at t h e  l i d f i t  i ns i d e  t h e  s i l o . 
Cement b l oc ks were p l aced on t h e  l i d � c  p r ov i d e  approx i mat e l y 
1 200 l b  of wei g h t . An i nd oor-outdoor thermometer was i nst al l ed 
through one samp l i ng p er t  w i th a sensor l oc at ed i n  the center of 
the s i l o . Temperatures of the s i l ag e  were recor ded at 5 p . m . 
d a i l y  -f cr . :26 d ays af t er ens i l i n g . 
Samp l es of f or ag e  wer e c o l l ected at ens i l i n g , p l ac ed i n  
doub l e  p l ast i c:  b a g s , c l osed w i th a f astener and i mmed i atel y 
f_ro:r: en f or c hemi c a l  ana l yses . Sampl es of ensi l ag e  were c o l l ec ­
ted d a i l y  throu g h  t h e  p ort open i ngs a n d  as t h e  s i l ag e  was re­
moved f rom t h e  s i l o  f or f eed i n g .  
a 
Z ymo-Best , Prem i er Mal t  Products I nc . , M i l wa u k ee , W I . 
b 
B l a i r Manuf actur i ng Company ,  Bl ai r ,  NE . 
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Dry mat ter c on t ent of t h e  f or ag e  at en s i l i ng was d eter ­
m i ned by d r y i n g  t r i p l i cate quan t i t i es < 1 00 gr ams > i n  a f or c ed 
ai r oven at 70 C f or 24 h our s .  A c h em i c a l  s i l ag e  qual i t y p r o­
f i l e  was c omp l et ed on a l l rema i n i n g samp l es .  Moi sture and t ot al 
n i trogen c on t en t  were d et er m i n ed on f r oz en mater i a l f i ne l y  
g r ound i n  a r ever s i b l e  h omogen i z er . Moi stur e was deter m i ned b y  
t o l uene d i st i l l at i on w i th c or r ec t i ons f or ac i d  conten t . The 
batter y  of tests perf ormed on the samp l es i nc l uded p H ,  t i trat­
a b l  e a c i d i ty ,  ammon i a  n i trogen , l ac t i c  a c i d and organ i c  ac i ds 
( ac et i c ,  p r6� i on i c ,  butyr i c ) . 
Preservat i on of d r y  matter was d et er m i ned on t h e  b a s i s of 
dry matter en s i l ed versus t h at r emoved f rom the s i l o .  Spoi l ed 
s i l ag e  was separated f r om t h e  f eedab l e  si l ag e ,  wei g h ed an d 
samp l ed as t h e  s i l os were emp t i ed . 
Ut i l i z a t i on of n u t r i ents by c a tt l e  f ed t h e  untreated and 
enz yme-tr eated si l ag e  was d e t er m i n ed i n  a d i g est i on-n i tr og en 
b a l ance t r i al . Twel ve steers averag i ng 604 l b  were p l aced i n  
i n d i vi dual pens at t h e  A n i mal Sc i enc e  Comp l ex .  The p en s  wer e 
equ i p p e d  w i th aut omat i c  watere r s  and were s i tuated over c on cr ete 
sl atted f l oors .  Al l st eer s were f ed unt r eat ed corn s i l ag e  
p r oduced l oc a l l y  f or about 2 wee k s .  T h e  steers wer e t h en 
wei ghed and a l l ot ted t o  the two s i l ag e  t reatments w i th s i x 
st eer s p er treatment . The ex p er i ment a l  si l ages were f ed an 
add i t i onal 1 0  d ays and t hen t h e  c att l e  were transf erred f rom t h e  
p en s  t o  metabo l i sm cr ates . A n  add i t i on a l  7 d ays were a l l owed 
f or adj ustment of the catt l e  to the c r ates and a 5-day total 
c o l l ec t i on d i g est i on-n i t r og en b a l an c e  tr i al was c onduc t ed . The 
steers were f ed s i l ag e  t w i ce d ai l y  and ref used f eed was wei g h ed 
and samp l ed t h e  f ol l ow i n g  morn i ng .  A sup p l ement contai n i n g 
58 . l X  soybean meal C 44 /.  p r ot e i n > , 29 . 7X g r ou n d  c or n , 2% ground 
l i mest one ,  6 . 2/. d i c al c i um p h os p h at e  an d 5'Y. trac:e m i n er a l  sal t 
was f ed at a r ate of 1 . 4  l b  per steer d a i l y .  The supp l ement 
c ont a i ned 1 0 , 000 I U  of v i t ami n A p er p ound . Feed ref usa l s ,  
f ec es a_nd ur i ne c o l l ect i on s  were hand l ed ac:cor d i n g  t o  c onven­
t i on a l  p r oc edures . Measures of uti l i z at i on i nc l uded the d i gest­
i b i l i ty of dry matter , c: rude p r otei n and organ i c: matter . Ni t r o­
gen ret a i ned f or p r oduct i ve p ur poses was rep ort ed as a p er c en t ­
age o f  n i trogen c on sumed . 
Heat p r od uct i on d ur i n g the f ermen t at i on of un tr eated an d 
enz yme-tr eated s i l ag e  i s  present ed i n  f i gure 1 .  Temperatures at 
ensi l i ng wer e 72 F .  Peak temperatures o c c urred at day 5 wi th 86 
F and 90 F f or t h e  untr eat ed an d enz yme-tr eat ed s i l ag es .  These 
smal l d i f f eren ces bet ween t h e  s i l ag es wer e ob ser ved dur i n g t h e  
r ema i n i ng days of f ermentat i on .  Numer i c a l l y ,  the d i f f erences 
b etween the s i l ag e  tr eatments wer e sma l l and woul d b e  c o n � i dered 
w i th i n the range of normal var i at i on .  
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Sel ected c h em i c a l  c harac t er i st i c s of un treated an d enz yme­
treated c or n  s i l ag e  are p r esent e d  i n  t ab l e  1 .  The f ermen t at i on 
p r oc eeded rather r ap i d l y  as i nd i c a t ed b y  pH ·val ues at or b e l ow 4 
shor t l y a f t er storage .  Ammon i a  n i t r og en f or mat i on was var i ab l e 
w i t h  somewhat h i g h er val ues observed i n  b ot h  s i l ages t owar d the 
end of t h e  f ermentat i on p er i od .  Compar i ng t h e  t wo s i l ag es i n  
l ac t i c  a c i d c on t en t , t h e  enz yme-t reated s i l ag e  h ad h i g h er l evel s 
than untr eated s i l ag e  i n  1 5  d ays out of a t ot a l  of 24 n Organ i c 
ac i d  p r od uc t i on was h i g h er f or the t r eat ed s i l ag e  than f or t h e  
unt reated s i l ag e  i n  o n l y  9 d ays out of 24 . 
Chem i c a l  p r of i l es of t h e  ex p er i men t a l  s i l ages at t i me of 
f ee d i ng are shown i n  t ab l e  2 .  There were on l y  smal l d i f f er en c es 
b et ween t h e  untr eated an d enz yme-t r eated s i l ag e  f or t h e  c hemi c a l  
p a r ameter s measur e d . Lact i c  ac i d  c ontent i n  untreated s i l ag e  
was 2 . 964 o f  t h e  d r y  matt er and 3 . 484 i n  enz yme-t r eated s i l ag e  
f or a p er c en t a g e  i ncr ease o f  1 9% .  T h e  d a t a  f or l ac t i c ac i d  and 
org an i c  ac i ds c l ose l y p ar a l l el ed t h at observed d ur i ng t h e  f i r st 
3 week s  of storage < tab l e  1 ) . 
Nutr i en t  ut i l i z at i on and n i t r og e n  b a l an c e  i n  b eef steers 
are p resen t ed i n  t ab l e  3 .  D i g est i b i l i ty of d r y  matt er , crude 
p r ot e i n and org an i c  mat t er was essent i al l y t h e  same f or stee r s  
f ed unt reated s i l ag e  as f or t hose f ed t h e  enz yme t r eated s i l ag e .  
Ni t r og en l osses v i a t h e  uri ne were h i gher f or steer s f ed t h e  
enz yme-tr eated s i l ag e .  Th i s  r esu l t ed i n  t h e  n i tr ogen retai ned 
f or p r oduc t i ve p ur poses of 43 . 22% and 39 . 86% ,  f or untreated and 
enz yme-tr eated s i l ag e ,  r espec t i ve l y .  
Dry mat t er r e c overy val ues are p resented i n  t ab l e 4 .  The 
r ec overy of dry matt er as f ee d ab l e  s i l ag e  was 99 . 824 f or un­
t r eated si l ag e  and 97. 60h f or enz yme-treated s i l ag e .  These 
d i f f er en c es wer e c aused by t h e  g reater quan t i t y  of spo i l ed and 
unr ec cver ed s i l ag e  w i t h  the s i l o  conta i n i ng the enz yme-tr eated 
s i l ag e n  Fur t h er r esearc h  w i l l  b e  r equi red t o  deter m i n e  the 
magn i tude of l osses i n  enz yme-t r eate d  s i l ag e  stored i n  l ar g er 
t ower-type s i l os .  
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TABLE 1 .  SELECTED CHEM I CAL CHARACTER I ST I CS OF UNTREATED AND 
ENZYME-TREATED CORN S I LAGE DUR I NG FERMENTAT I ON 
Yn1�§st�9 §i!se� sn��m§=t��s!�g !i!sa!f 
Day af t er Ammon i a  b Lac: t i E= Organ i!= Ammon i a  b Lac t i c Or g an i c  
. de c en si l i ng p H  n i t r ogen ac i d  ac i d s p H  n i trogen ac1 ac i ds 
--------------------------- -------------------------------------------------- -----------
d 
5 . 02 0 . 74 0 . 69 
d 
0 4 . 69 0 . 6 1  0 . 93 1 . 67d 0 . 56d 
1 4 . 2 1  0 . 64 1 .  85 1 . 98d 4 . 40 0 . 9 1  1 . 38 1 u 68d 
2 4 . 02 0 . 64 2 . 37 1 .  75d 4 . 08 0 . 68 2 .. 03 1 . 24 
3 4 . 08 0 . 65 2 .  1 2  1 . 36 3 . 94 0 . 5 1  2 . 9 1  1 . 59d 
4 3 . 82 0 . 64 3 . 66 2 . 06 3 . 86 0 . 77 3 . 46 2 . 88 
5 4 . 00 0 . 52 3 . 07 1 .  67 3 . 84 0 . 78 3 . 8 1  1 . 8 1 
6 3 . 75 0 . 6 1  4 . 08 1 . 42 3 . 84 0 . 69 3 . 90 1 . 58d 
7 3 . 26 0 . 80 4 . 48 1 . 67 4 . 27 0 . 60 1 .  77 1 . 59 
8 3 . 32 0 . 75 3 . 96 2 . 03 3 . 22 1 . 05 4 . 79 2 . 04 
9 4 . 34 1 . 42 1 . 43 3 . 1 3d 3 . 3 1  0 . 87 5 .. 58 2 . 97 
10 3 . 6 1 e 1 . 1 3 1 . 84 2 . 85d 3 . 8 1e 0 . 40 2 . 52 1 . 38d 
1 1  6 . 23 .. 95 0 . 36 2 . 33d 5 u 20 1 . 1 1  1 . 43 L 64 
1 2  3 . 25 1 . 40 3 . 66 2 . 4 2  3 . 1 7  1 . 09 6 . 29 1 . 35 
1 3  3 . 1 4  L 1 4  4 .. 47 1 .  7 1  3 . 1 2  1 . 03 4 .. 8 1  2 . 25 
1 4  3 . 6 1 2 . 32 3 . 33 0 . 98 3 . 62 0 .. 86 3 . 22 2 . 02 
1 5  3 . 40e 1 . 36 2 . 65 4 . 08d 3 . 6 1  1 .  47 2 . 98 2 . 58 
1 6  6 . 83 2 . 28 0 . 23 1 . 44 3 . 68 L 22 5 . 1 7  - 41:;'. 
..::. • 
ud 
1 7  3 . 07 1 . 08 5 . 45 2 . 1 8  4 . 60 0 . 48 1 . 55 1 . 06 
1 8  3 . 53 1 . 03 4 .. 02 4 . 06 3 . 70 L 1 1  3 ., 40 4 . 0 1 
1 9  3 . 46 1 . 89 3 . 1 6  3 .  1 9  3 u 68 L 1 4  4 . 44 1 . 53 
20 ..,.. !::'.? 1 .  33 3 . 00 4 . 30d 3 � 32 1 . 0 1 4 . 38 2 .  1 6  ..::. • i:J-e 
2 1  5 . 3 1  2 . 50 0 . 73 2 . 67 3 . 69 1 . 38 1 . 57 1 . 45d 
22 3 . 34 0 . 90 3 . 30 1 . 6 1 3 . 6 1  1 .  2 1  3 ., 50 i . 87 
23 3 . 34 1 . 28 3 .  1 8  2 . 65 3 . 27 1 . 26 4 ., 63 2 . 53 
------- - - - - - - - --- -------------- --------- - ----- - - - - - ---- - - -�--------------- - ----------- - - -
. :Treated w i t h  . 5  l b  Z ymo-Best per t on of wet f or age . 
cPer cent of total n i t r ogen . 
dPer c ent of t ot a l  d r y  mat t er . 
eCon t a i ned t r- aces of butyr i c:  ac i d .  
Spoi l ed s i l age i n  samp l e .  
TABLE 2 .  CHEMI CAL PROF I LES OF UNTREATED AND ENZVME­
TREATED CORN S I LAGE AT T I ME OF FEED I NG 
899i:t.i�� :t.c•s:t.m•n:t. 
Unt r eated Enz yme-tr eated 
si l ag e  s i l ag ea 
. 
----------------------�-----------------------------------------
No . of sam15l es 20 2 1  
Dry matt er 39 . 94 38 . 85 
p H  . 4 . 1 5  4 . 1 0  
Ti tratab l e  ac i d i !Yc 1 0 . 90 9 . 25 
Ammon i a  n i trog en 1 . 42 1 . 32 
E•ci:•n:t. g:f. st:� m@:t.:t.ge. 
Crude p r ot e i n e . 42 S . 68 
Lact i c  a c i d 2 . 96 3 . 48 
Vol at i l e  f at t y  ac i ds 
Acet i c  2 . 04 1 . 6-9 
Prop i on i c:  . 44 . 42 
Bu t yr i c e f 
Tota l  2 . 48 2 . 1 1  
: Treated w i t h  . 5  l b  Z ymo-Best par ton wet f or ag e .  
Tol uene d i st i l l at i on wi t h  ac i d  correct i on .  � Mi l l i l i t ers . l N KOH t o  b r i ng p H  t o  7. 
Perc en t  of t o t a l  n i t r og en . e . 
f One samp l e  showed t r ac es . 
F i ve samp l es showed t r ac es . 
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TABLE 3 o  D i l3EST I B I L I TY AND N I TROGEN RETENT I ON W I TH STEERS 
FED UNTREATED AND ENZYME-TREATED CORN S I LAGE 
----------�---------�----- ---------------------------�----------
B99iti�g t�§stm�ot 
Untreat ed Enz yme-Treated 
s i l ag e  s i l ag e2 
---------=--�--------------- ----------------------.---------"-----==-::-c:>l'-.--..o 
No . of steers 
Avg wei g h t , l b  
Dry mat t�r c on sump t i on ,  
g /d ay 
Ni t rogen bc:on sump t i on ,  
g / d ay 
Di gest i b i l i ty ,  7. 
Dry matter 
Cru d e  p r ote i n 
Org an i c  matter 
Ni trogen b a l anc e ,  g /day 
Feca l  
Ur i nary 
Ret a i ned 
Per cent n i t r og en r et a i n ed 
of c onsumed , 7. 
6 
605 
67 1 7  
1 1 0 . e 
72. 04 
63 . 1 4  
73 . 5 8  
40 . 94 
2 1 . 99 
47 . 95 
43 . 22 
6 
603 
667 1 
1 1 L 2  
73 . 56 
64 .. 30 
75 .. 1 5  
39 . 73 
:26 e 80 
44 . 7'2 
39 .. 86 
'
·:Treated w i t h  . 3  l b  Zymo-:Best p er t on o-f wet f or ag e .  
1 p ound = 454 g r am s .  
TABLE 4 .  PRESERVAT I ON O F  DRY MATTER I N  UNTREATED AND 
ENZYME-TREATED CORN S ILAGE 
For age dry matter 
at stor ag e ,  7. 
Dry mat t er , stor ed , l b
b 
Dry matt er f or -f eed i ng ,  l b  
As a 7. of dry mat t er 
stored , 
Dry matt er spo i l ed and n ot 
recovered , l b  
As a 7. of dry matt er 
stored , 
822111�� 1��etm�n1 
Unt reated Enz yme-treat ed 
' l  · 1  a s 1  age s1 age 
38 . 24 
1 759 . 0 
1 755 a 8 
99 . 82 
3 . 2 
o .  1 8  
38 . 89 
1 948 . 9 
1 902 a 1 
97 a 60 
46 . 8 
:Treated wi th . 5  l b  Z ymo-Best per t on wet f or ag e .  
Storage p er i od = 2 1 3  d ay s .  
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SOURCES AND HEAT TREATMENT OF PROTE I N  I NGRED I ENTS 
FOR SUPPLEMENT I NG CORN S I LAGE FOR BROW I NG CATTLE 
L .  F .  Pal mer , L .  B .  Embry , R .  M. Lut her , 
J .  G .  Nothnagel and M. J. Goetz 
Department of An i mal and Rang e  Sc i enc es 
CATTLE 84-4 
/ 
A s�udy w i t h  on e h un dr ed s i x ty-ei g h t  Ang u s  and Her ef or d ­
Angus steers was conducted t o  eval uate p r ot e i n sup p l ementat i on 
under var i ous cond i t i on s  wi t h  corn s i l ag e  d i et s .  St eer s aver­
aged 58 1 l b  i n i t i al l y and were f ed 1 03 d ays . 
Di et s c on s i sted of 90% c or n  s i l ag e  and 1 0% sup p l ement on a 
dry b a s i s .  Corn si l ag e  < 39% DM> was st ored i n  t wo t ower s i l os .  
For age f r om on e was t reated w i t h  a mi c r o b i al add i t i ve a n d  s i l ag e  
f r om t h e  other served as a c on t r o l . Twent y-f our p en s  w i th seven 
st eer s each wer e used f or s i x d i etar y  t r eatment s  ( f our r ep l i c a­
t i on s > . Corn si l ag e  t r eatmen t s  wer e b a l anc ed acc or d i n g  t o  p r o­
t e i n t reat men t g r oup s .  Di etar y sup p l eme n t s  wer e c on t r o l , u r ea , 
Go l d en Pro ,  urea + soybean meal , urea + heat -t r eated p r ot e i n 
C HTP > soy b l en d  meal and Gol d en Pr o + HTP soy b l en d  meal , p r o­
v i d i n g  p r ot e i n l ev e l s of 8 . 43 ,  1 1 . 03 ,  1 0 . 74 ,  1 0 . 96 ,  1 0 . 9 1  and 
1 0 . 73% , r espect i ve l y ,  on a dry basi s .  Gol den Pro < ab out 60% 
protei n >  i s  a h eat -tr eated p r od u c t  and consi sts of urea C 20% > , 
groun d yel l ow corn and sod i um benton i t e .  HTP soy b l end meal 
( ab out 40% p r o t e i n )  c ons i sts of 40% whol e soybean s and 60% 
sol vent p r oc essed soybean meal . Th i s  p r od uc t  was ex t r ud ed and 
heat -tr eated at 320 F under.  p ressure .  
Resu l t s  showed t h at p r ot e i n -sup p l ement ed steers gai n ed a t  a 
f aster r at e  t h an c on t ro l s t hroughout t h e  ex p er i ment . Th i s  r e­
sul ted i n  t o t a l  g a i n i mp r ovement s  f or protei n -sup p l emen ted 
st eers over t h e  control rang i ng f r om 38 t o  55 l b  p er h ead . 
Feed i ng urea , Sel d en Pr o and urea + soybean meal r esu l t e d  i n  
s i mi l ar an i mal perf orman c e .  Feed i ng HTP soy b l en d  meal w i th 
ei t h er urea or Gol den Pr o sh owed an i n i t i al advan t ag e  over t h e  
other sup p l emen t s  wi t h  on l y  smal l d i f f er en c es b etween t hese t wo 
sup p l emen t s .  Af t er t h e  sec on d wei ght p er i od ,  rat es of g a i n wer e 
s i mi l ar f or a l l p r ot ei n -sup p l ement ed steer s .  
Steer s f ed t h a  c on t r ol d i et had l ower l ev e l s o f  f eed i nt a k e  
than steers f ed p r ot e i n-sup p l ement e d  d i et s  wi th on l y  s l i gh t  
d i f f er e n c es b et ween t h e  sup p l emen t ed g r oup s .  Feed r e q u i r ement s  
f or steers f ed supp l emen t a l  protei n wer e l ower than f or t h e  
c ontrol s .  Sma l l d i f f er en c es i n  f eed t o  gai n r at i os were ob­
served between supp l ement a l  t r eatmen t s .  Fast er rates o f  g a i n 
2 9  
and r ed uced f eed c onsump t i on d ur i ng t h e  f i r st mont h  of t h e  
e>: per i ment r es u l ted i n  l ower f ee d  r equi r ements .  However , t hese 
r e qu i r emen t s  i nc r eased w i th i nc r easi n g  t i me on f eed and wei g h t  
o f  catt l e a 
Urea i s  t h e  most c ommon n on pr o te i n n i t r ogen sourc e  used i n  
catt l e  and sheep d i et s .  W i t h  n ew concep t s  i n  p r ot e i n sup p l emen­
tat i on and f ee dstu-f f s  p r ocess i ng ,  i t  i s  i mportant t o  r eeva l uate 
t h e  r o l e of urea i n  c a t t l e  f eed i ng .  Nutr i t i on a l  c on c ep t s  such 
as protei n sol ub i l i ty ,  p r ot ei n " b y-pass " and ami n o  ac i d  c ompos i ­
t i on t ogether w i t h  f ee d  p r oc ess i ng met h od s  < c hemi c a l  t reatmen t , 
h eat t reatmen t > are b r i ng i ng about changes i n  d i et f or mu l at i on .  
Consequen t l y ,  i t  i s  usef ul t o  study t hese c h a n g es i n  assoc i a­
t i on w i t h  urea i n  c at t l e  d i et s .  Th i s  ex p er i ment was c onducted ·  
t o  eva l uate p r ot ei n sup p l emen t at i on und er var i cms c o n d i t i o n s  
wi t h  c o r n  si l ag e  f ed t o  g r ow i n g  c at t l e  wi t h  emphas i s on f ac t o r s  
af f ec t i ng u t i l i z at i on o-f ur ea . 
Th i s  ex p er i ment used one h un d r ed s i x t y-e i g h t  Angus and 
Angus-Heref ord steers averag i ng about 59 1 l b  wh i ch were prev i ­
ousl y adapted t o  a f u l l f eed o-f c or n  s i l ag e  w i t h  n o  5upp l ement a l  
p r ot e i n .  
·
A l l steer s wer e ear tagged , i mp l ant ed wi t h  z er an o l , 
vac c i n a ted agai nst BVD < Bovi n e  Vi rus Di ar r h ea > , I BR < B ov i n e  
Rh i notrachaet i s > and P I3 < Parai n f l uenz a > , i nj ect ed w i t h  a 4-way 
c l ostr i d i um bac t er i n  and t r eated wi t h  Warbex < pour-on > f or par a­
si t e  c on t r o l  p r i or to t h e  ex p er i ment a l  p er i od .  
Upon start i ng t h e  ex p er i ment , st eers wer e wei gh e d  i n  ear l y 
mor n i ng bef or e f eed i n g and agai n t h e  f el l owi ng morn i ng af t er 
w i t h h o l d i ng f eed and water f er about 1 8  h r m Af t er t h e  shrun k 
wei ght was obtai n ed , steers were a l l ott ed i nt o  24 p en s  on t h e  
basi s of wei gh t  and b r eed group wi t h  seven steers p er pen . 
Treatmen t s  were rep l i c at ed f our t i mes wi t h  a d i et c on t a i n i ng 907. 
c orn s i l ag e  < 397. DM > and 1 07. sup p l ement on a dry basi s .  
T h e  sup p l ements used wer e a s  f ol l ows : 
1 .  Con t r o l  sup p l ement 
2 .  Urea sup p l ement 
3 .  Gol den Pro sup p l ement 
4 .  Urea + soybean meal sup p l ement 
5 .  Urea + heat-tr eated p r otei n < HTP > soy b l en d  meal 
6 .  Gol den Pro+HTP soy b l en d  mea l 
I ngred i ent c ompos i t i on of t h e  sup p l emen t s  wh i ch f or med t h e  
d i etary t reat ment s  used i n  t h i s  ex per i ment ar e shown i n  t ab l e  1 .  
The c on t r o l  sup p l ement wi t h out a h i gh -protei n i ngred i ent served 
as a measure of r esponse to the var i ous protei n-supp l ement ed 
d i et s .  I t  c on t a i n ed g r ound c or n  grai n ,  l i meston e ,  d i cal c i um 
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p h osphat e ,  trace m i n er a l  sal t ,  vi t am i n A and l as a l oc i d  so c att l e  
f ed t h e  c o n t r o l  d i et wou l d  r e c e i ve s i mi l ar d i et ar y l evel s of 
c a l c i um ,  p hosphorus , sal t , . t r ac e  m i n er a l s ,  vi t am i n A and 
l asal o c i d  as t h e  protei n-supp l ement ed c a t t l e . 
TABLE 1 .  I NGRED I ENT COMPOS I T I ON OF FEEDLOT D I ETS 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Urea 
Urea + 
+ HTP soy 
S o l  den Soybean b l en d  
I ng r ed i ents Con t r o l  Urea Pr o mea l  meal 
----------------Y. of dry matt er----------------
Corn s i l ag e  90 
Ground c or n  8 . 80 
Soybean meal ( 44i. ) 
Urea 
Gol d en Pro ( 607. ) 
HTP soy b l en d  
meal ( 40 7. )  
Li mest on e e '.29 
D i c a l c: i um p h osph at e  • 6 1  
Tr ace m i n er a l  sal t  . 30 
Cal c i um sul f at e  
Avg p r o t e i n c on t en t  
a s  anal yz ed ( dr y )  8 . 43 
90 90 
a 
Sup p l ement 
7 a 92 4 . 66 
m 8 1 
4 . 07 
. 1 2 . 1 2 
0 63 . 63 
. 30 . 30 
.. 22 . 22 
1 1 . 03 1 0 . 74 
90 
5 . 28 
3 . 0 1 
. 40 
. 35 
. 55 
. 30 
. 1 1 
1 0 . 96 
90 
5 . 09 
. 40 
3 . 36 
. 20 
. 54 
. 30 
• 1 1  
1 0 . 9 1  
Each d i et c on t a i n ed 1 000 I U  v i t am i n A and 1 5  m g  of 
l asal oc i d  p er p oun d s 
Gol den 
Pro 
+ 
HTP soy 
b l en d  
mea l 
9 0  
3 . 35 
2 . 00 
3 . 39 
. 06 
• 79 
. 30 
• 1 1  
1 0 . 73 
The urea sup p l ement was f or mu l ated t o  g i ve d i et s  wi t h  about 
1 1 . 0i. protei n < dr y  b as i s >  w i t h  urea as t h e · on l y  sup p l emen t a l  
sour c e .  I t  p r ov i d ed . 8 1 7.  urea i n  t h e  t o t a l  d r y  d i et .  Cal c i um 
sul f at e  was i n c l uded t o  prov i d e  1 p a r t  sul f ur t o  1 0  p ar t s  of 
n i trogen f rom the urea i n  a l l sup p l ement s wh i ch cont a i n ed urea . 
Th e urea d i et served t o  measure t h e  r esponse f rom t h e  h i gh­
p r ot e i n i ngred i ents and heat t r eatment s  of i n g r ed i en t s  i n  t h e  
other d i et s .  
The Gol den Pr o p r oduct ( pro cessed b y  Tr i p l e  " F "  Feed s ,  Des 
Moines , I A >  consi st ed of ground yel l ow c orn , urea C 20i. ) and 
sod i um b en t on i t e sub j ected to heat t r eatmen t . Th i s  product 
wh i ch c ont a i n s  about 60% protei n was used t o  f ormu l at e a d i et 
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si mi l ar i n  c om p os i t i on t o  t h e  urea sup p l emented one ex c e p t  f or 
the h eat t r eatment app l i ed i n  t h e  manuf actur i ng pr ocess of t h e  
Gol d en P r o  p r od u c t . 
The urea + soybean meal sup p l ement p r ov i ded a sup p l ement i n  
wh i ch soybean meal supp l i ed about one-h a l f of t h e  sup p l emen t a l  
p r ot e i n .  The purpose cf t h i s  supp l ement w a s  t o  c omb i ne a h i g h ­
qua l i ty p r ot ei n sour c e  ( as measured b y  ami n e  ac i d  c on t en t > wi t h  
a prot e i n sourc e  devo i d of ami no ac i ds .  Not on l y  i s  p r ef ormed 
p r otei n subst i tut ed f or n on p r ot e i n n i t rogen , but the amount of 
urea i s  r ed u c ed . Each c ou l d have an i nf l uenc e  on p r ot e i n ut i l i ­
z at i on and p er f ormanc e  o f  t h e  c at t l e .  
The h eat-t reat ed protei n soy b l en d  meal p r oduc t < Tr i p l e  " F "  
Feed s >  c on s i s t ed of a mi x t ur e  o f  40r. who l e soybean s and 60% 
sol vent p rocessed soybean meal . I t  w i l l  b e  r ef erred t o  as HTP 
soy b l en d  meal i n  t h i s  r ep or t . The b l en d  was ex t ruded and heat 
t r eated at 320 F under p ressure by t h e  I n st ap r o  met h o d , c ausi n g  
wi t h  t h i s  ex t r a  h eat a r educt i on i n  t h e  r a t e  of r um i n a l  degrada­
t i on i n  c ompar i son to soybean meal . Th i s  p r oduct was f ed w i t h  
t h e  ur ea-c orn mi x and w i t h  t h e  Sol dan Pro sup p l ement t o  d et e r ­
mi n e  t h e  benef i ts under each c on d i ti on i n  subst i tut i ng p r ef ormed 
p r otei n f or p ar t  of the n cn p r ot e i n n i t rogen and f r om a p r oduct 
more r es i stant t o  rumen degrad at i on .  
The c or n  si l ag e  ( 8 c 45% p r ot e i n >  f rom t h e  1 982 c r op was 
st ored i n  two tower s i l os .  For age f rom one s i l o  served as a 
c on t r o l  and t h e  other was t r eat ed w i t h  a mi c r ob i al add i t i ve .  
Dat a f or mi c r ob i a l s i l age t reatment are p r esent e d  separ at e l y i n  
th i s  Cat t l e  Feed er s Day Rep ort ( 84-2 ) . 
Prot e i n c on t en t s  o f  t ot a l  d i et s  on a dry b as i s f or c on t r o l , 
urea , G o l den Pro ,  urea + soybean meal , urea + HTP soy b l en d  meal 
and G o l d en Pr o + HTP soy b l en d  meal wer e 8 . 43 ,  l l c 03 ,  1 0 . 74 ,  
1 0 . 96 ,  1 0 . 9 1  and 1 0 . 73 % , r espect i vel y ( t ab l e  1 ) . 
At t h e  b eg i nn i ng of t h e  ex p er i men t , sup p l ement s  wer e of ­
f er ed f or t h e  f i r st t i me on day 1 .  Tota l  f eed of f er ed was about 
8 l b  < dr y >  p er an i ma l  and was i nc reased g r adual l y  to a f ul l f eed 
of about 1 2  l b  < dr y )  per h ead d a i l y  i n  a b out 1 0  to 1 2  day s .  
Rat e o f  f eed i ng a f t er t h i s  was reg u l a t ed t o  amount s  t h at wou l d 
b e  near l y  c on sumed b y  t h e  n ex t f eed i n g .  Di et s  were b at c h  mi x ed 
f or each pen and f ed onc e  d a i l y .  
Pr i or t o  each we i gh p er i od dur i n g th i s  ex p er i ment , t h e  
st eer s were l ef t  f or a n  over n i g h t  st and o f  ab out 1 8  hr w i t h out 
f eed and water . The ex p er i ment was termi n ated af t er 1 03 days 
when steer s aver aged about 84 1 l b .  Data obt a i n ed f or aver age 
d a i l y  g ai n ,  f eed consump t i on and f eed ef f i c i en c y  are p r esent ed 
cumu l at i vel y by wei g h  p er i od s .  
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Feed l ot p er f or mance dat a f or sup p l ement treat ment s  are 
pr esent ed aver aged over c orn si l ag e  mi c r ob i al tr eatmen t s . 
Accumu l ated wei g h t  gai n averages at p er i od i c  i nt erval s are 
presen t ed i n  t ab l e  2. Sup p l ement i ng the c on t r o l  d i et ( 8 . 43'l. 
p r ot e i n )  wi t h  t h e  var i ou s  sources of p r ot e i n < ab out 1 1 . 0'l. p r o­
t ei n >  r esu l ted i n  mar k ed i mp rovement s  i n  wei gh t  g a i n s  t hroughout 
the ex p er i ment . The advan t ag e  f or the protei n-su pp l ement e d  
g r oup s was most p r on oun c ed dur i ng t h e  f i r st 2 mon t h s  cf t h e  
e:-: p er i ment . 
TABLE 2. ACCUMULATED AVERAGE DA I LY GA I N  BY WE I GH PER I ODS 
AS AFFECTED BY D I ETARY TREATMENTS 
I t em Con t r o l  
Gol d en 
Urea P r o  
Gol den 
Urea Pro 
Urea- + + 
+ HTP soy HTP soy 
soybean b l end b l en d  
meal meal meal 
----------------------------------------------------------------
No . of steers 28 27 a 28 28 28 
I n i t i al shrun k wt , l b  582 58 1 58 1 582 582 
Fi n a l  shrun k wt , l b  807 854 844 859 862 
Avg d a i l y  g a i n ,  l b  
29 days 1 .  76 2 . 97 2 . 89 2 . 78 3 . 28 
58 d ays 1 . 9 1 2 . 66 2 . 82 2 . 73 2 . 77 
85 d ays 2. 1 5  2 . 73 2 . 7 1  2 . 70 2 . 76 
1 03 d ays 2 . 1 9  2 . 65 2 . 56 2 . 69 2 . 72 
a 
I n i t i a l l y  28 steer s ,  one death l os s  f r om c ond i t i on s  
unrel ated t o  d i etary treatmen t . 
28 
579 
853 
3 . 1 8  
2 . 7 1  
2 . 70 
2 . 66 
Amon g  protei n-sup p l ement ed group s , Gol d en Pro or urea wi t h  
soybean meal appeared t o  of f er n o  advan t age over t h e  urea sup ­
p l ement i n i t i al l y  o r  d ur i ng t h e  c our se of t h e  ex p er i men t . Faster 
rates of gai n wer e obt a i ned f or steer s wi th t h e  HTP soy b l en d  
meal sup p l ement c omb i ned wi t h  urea o r  w i th Gol den P r o  i n  c ompar­
i son t o  t h e  urea sup p l ement d ur i ng t h e  f i r st mont h  of t h e  ex per­
i ment . Thereaf t er , t h e  amount of g a i n at each wei g h  p er i od 
sh owed n o  advan t ag e  over the urea sup p l ement . 
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Acc umu l ated average dai l y  f �ed i nt a k e  at p er i od i c i nter va l s 
i s  p r esent ed i n  t ab l e  3 .  Feed i nt a k e  i nc r eased w i th i nc reased 
wei ght and t i me on ex p er i ment . Steers f ed p r ot e i n-sup p l ement ed 
d i et s  w i th c or n  si l ag e  c on sumed mor e f eed t h an unsup p l emented 
c on t ro l s a  Sour c e  of p r ot e i n a p pear ed to h ave on l y  sma l l ef f ec t s  
on dai l y  f eed i nt a k e .  
Avg 
TABLE 3 .  ACCUMULATED AVERAGE FEED I NTAKE B Y  WE I GH PER I ODS 
AS AFFECTED BY D I ETARY TREATMENTS 
Sol den 
Ur ma Pro 
Urea + + 
+ HTP soy HTP soy 
Sol d en soybean b l en d  b l en d  
I tem Con t r o l  Urea Pro mea l  mea l  mea l  
f ee d  i nt a k e  ( dry > , l b m  
29 days 1 2 . 5 1  1 3 . 84 1 3 . 92 1 3 . 96 1 4 . 1 1  1 4 . 5 1  
58 d ays 1 4 . 20 1 6 . 02 1 6 . 03 1 5 . 82 1 6 . 1 4  1 6 . 45 
85 d ays 1 5 . 4 1  1 7 . 20 1 7 . 09 1 6 . 93 1 7 . 1 2  1 7 . 35 
1 03 d ays 1 5 . 68 1 7 . 39 1 7 . 24 1 7 . 1 5  1 7 . 39 1 7 . 34 
Dat a f or f ee d  ef f i c i en c y  a ccumul at ed b y  wei g h  p er i ods are 
shown i n  t ab l e  4. As f or f eed c on sumed � f eed r equi red p er un i t  
of g a i n i nc r eased w i t h  wei gh t  and t i me on ex p er i ment . The 
i nc r ease was l ess f or the c on t ro l s than f or protei n-s up p l emen ted 
st eers .,  
Prot e i n-su pp l emented st eers c on sumi n g  mor e f eed and ma k i ng 
a f ast er rate o f  g a i n t han c on tr o l s h ad l ower f eed r e qu i r emen t s .  
T h e  a p p arent ear l y  advantage i n  wei gh t  g a i n f or steer s f ed t h e  
HTP soy b l en d  meal sup p l ement was a l so a c c ompan i ed· b y  l ower f eed 
r e qu i r emen t s .  Otherw i se , there appeared t o  b e  n o  maj or or 
c on s i stent d i f f er en c es i n  f eed r e qu i r ement s  b et ween p � ot e i n ­
sup p l emented g r oups o f  steer s .  
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TABLE 4 .  ACCUMULATED FEED EFF I C I ENCY BY WE I SH PER I ODS 
AS AFFECTED BY D I ETARY TREATMENTS 
I t em 
Avg f eed / ga i n 
29 days 
58 days 
85 days 
1 03 day s  
---�--�.'!.:::.·: -.·." 
Con t r o l  
r at i o  
7 1 1  
743 
7 16 
7 1 6  
Urea 
( d r y > 
466 
602 
630 
656 
Gol den 
35 
Pro 
482 
568 
626 
65 1 
Urea 
+ 
soybean 
meal 
502 
579 
627 
638 
Urea 
+ 
HTP soy 
b l en d  
meal 
430 
583 
620 
639 
Gol den 
Pr o 
+ 
HTP soy 
b l en d  
meal 
456 
607 
643 
652 
STORAGE METHODS AND FEED I NG VALUE FOR EAR CORN 
L .  F .  Pal mer , L .  B .  Embry , 
R .  M .  Luth er an d M .  J .  Goetz 
Depart ment of An i ma l  an d Rang e  Sc i ences 
CATTLE 84-5 
An ex p e r i ment was conducted t o  compare t h e  f eed i ng val ue 
and dry matt er stor a g e  l osses f or ear c or n  stored under atmos­
p h er i c: c on d i t i ons ( ai r-d r y > and as r ec on st i tut ed h i g h-moi sture 
g r ou n d  ear c or n  i n  an ox ygen- l i mi t i ng si l o  or a c on c r et e  stave 
s i l o . Two hundred e i g hty-e i g h t  Her ef ord ,  Her ef or d-Ang u s  an d 
Angus steers averag i ng about 640 l b  i n i t i al l y  were f ed f or a 
p er i od of 1 24 d ays . 
The dry d i et s  c on s i sted of 9'.2% ear c orn and 9% supp l ement . 
Ear c or n  was stored und er t h r ee c on d i t i on s :  
1 ..  A i r-dry ( 85% DM > stored i n  snow f en c e  c r i bs a n d  g r ound 
as needed i n  amount s  f or a 2- to 3- week sup p l y  d ur i ng t h e  
ex p er i ment . 
2 .  Groun d w i t h  water added t o  g i ve recon st i tut ed h i g h ­
moi stur e ( 68% DM > e a r  c o r n  a n d  stor ed i n  an ox ygen-l i mi t i n g 
s i l o . 
3 .  Gr oun d wi t h  water added as f or 2 and st ored i n  a c on ven ­
t i on a l  c on c r e t e  stave t ower si l o . 
I mp r ovement s  i n  wei g h t  g a i n b y  steers f ed t h e  reconst i tuted 
h i gh-moi sture ear c or n  amount ed to about 10 and 1 4% ,  r esp ec ­
t i ve l y ,  f or ear c or n  stored i n  t h e  o>: ygen - l i mi t i ng and c on c r et e  
st ave si l os over steer s f ed a i r -dry ear c o r n  s t or ed i n  snow 
f en c e  c r i bs .  On l y  sma l l d i 4 f e�enc es were observed i n  dry matter 
i nt a k e .  However , steers f ed r ec onst i tuted h i gh-moi st ure ear 
c orn h ad l ower f eed r e q u i r ement s  < 1 2% > t han th ose f ed t h e  ai r ­
dry ear c or n  d u e  t o  t h e  l ower rat es o f  d a i l y  g a i n obt a i ned by 
t h e  l at t er g r oup . 
Dry matt er r ec overy dat a i nd i c at ed a h i gh r a t e  of rec overy 
f or t h e  ear c or n  stor.ed i n  ei t h er si l o . On l y  smal l d i f f eren ces 
i n  dry mat t er l osses were observed between the ox ygen- l i mi t i ng 
and t h e  c on c r et e  stave s i l os d ur i ng t h i s  ex p er i ment . 
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Severa l  ex p er i men ts have b een conducted at Sout h Dakota 
State Un i vers i ty t o  study var i ous types of d i et s  w i th ear c orn 
f or g r ow i ng and f i n i sh i ng c a t t l e . Pr i mar i l y , stud i es h ave been 
concer n ed w i th mak i ng t h e  most ef f i c i en t  use of t h e  c ob p or t i on 
of ear corn as t h e  r oughage sour c e  i n  var i ous types of d i et s  
and amount s  and types o f  sup p l ement s  n eeded f or most ef f i c i en t  
ut i l i z at i on o f  ear c or n . 
Ear c or n  i s  f r e quent l y  h ar vested at a moi sture content 
b e l ow 251. and stored i n  sui t ab l e  p er man ent or temp or ar y  struc ­
tures . Storage structur es c an b e  r e l at i ve l y i nex p en s i ve , b ut 
c on s i d er at i on must b e  g i ven t o  add i t i on a l  hand l i n g r e q u i red f or 
p r oc essi ng and f eed i n g .  Ano t h er c ommon met h od i s  h ar vest i ng ear 
c or n  at a moi sture c on t en t  i n  t h e  r an g e  of 251. t o  351., g r i n d i n g  
and stor i ng i n  a si l o  and f eed i ng as g roun d h i gh -moi sture ear 
c or n . Con s i d er at i on shou l d b e  g i ven t o  c ost s i n vol ved i n  har ­
vest i n g ,  stor i ng ,  p r ec ess i n g  and f eed i ng ;  c ost and ef f i c i en c y  of 
stor age structur e s ; and f eed i n g val ue when sel ec t i ng methods of 
harvest i ng and st or i ng ear c or n . 
Th i s  ex p er i ment was conducted t o  c ompare l osses i n  stor age 
an d f eed i ng val ue o f  ear c o r n  stor ed as wh o l e ear s  un d er 
at mosph er i c  c ond i t i ons C a i r-dry > i n  t emporary snow f en c e  c r i bs 
and as h i gh -moi sture ( r ec on st i t ut ed > g r ound ear c or n  stored i n  
an ox ygen -l i mi t i ng s i l o  C Harves t or e )  or a c o n c r et e  stave s i l o .  
Two hun d r ed e i g h t y-e i g h t  Heref ord , Angus an d Her ef ord-An gus 
steer s were used i n  t h e  ex p er i ment . They were purch ased f r om a 
l oc a l  auc t i on mar k et ab out 6 week s  p r i or t o  t h e  b eg i nn i ng of t h e  
ex p er i men t .  
Dur i ng t h e  f i r st 2 week s  af ter ar r i va l , t h e  c a t t l e  were f ed 
about 5 lb of h i gh -moi sture who l e corn g r a i n w i t h  a f u l l f eed of 
a l f al f a-brome h ay l age . G r ound ear c or n  was t h en subst i tuted f or 
the who l e c or n  g r a i n .  The h ay l age was g r adual l y  reduced an d t h e  
amount of ear c or n  i nc r eased over t h e  nex t 2 week s  t o  a d i et of 
ear corn wi th out added r oug h ag e .  For an add i t i on a l  2 wee k s  
pr i or t o  t h e  ex p er i ment , t h e  c att l e  were f u l l -f ed g r ound h i gh 
moi stur e ear corn wi t h out sup p l emen t a l  p r otei n .  
Pr oc essi n g  of t h e  
i nc l uded ear t ag g i ng , 
sept i cum-n ovyi -sordel l i  
Ral g r o . 
c at t l e  d ur i n g t h e  p r e l i mi nary p er i od 
i n j ec t i ng w i t h  C l ostr i d i um-c hauvoei ­
b a c t er i n  and i mp l ant i ng wi t h  36 mg of 
The st eer s were wei ghed i n  ear l y  mor n i ng bef ore f eed i n g and 
agai n t h e  f o l l owi n g  morn i n g af t er an over n i ght st an d of ab out 16 
h r  wi t h out f eed an d water . Af ter the second wei gh i ng ,  t h e  
st eer s wer e al l otted i nt o  36 p en s  o n  t h e  basi s o f  wei ght and 
breed g r oup to be f ed ear c or n  f r om t h r ee storage met h od s  w i th 
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1 2  p en s  f or each storage treat men t . Four p r ot ei n sup p l ement 
tr eat ment s  w i t h  three r ep l i c at i ons were used w i t h  each c orn 
storage t reatmen t . Resu l t s  f or t h e  sup p l ement t r eatments h ave 
b een reported p r ev i ous l y < Catt l e  Feeders Day Ser i es ( 83- 1 0 > . 
Ear c orn st or age t reatment s  were as f ol l ow s : 
1 .  Stored i n  snow f en c: e  c r i b s  an d g r ound as needed f or a 
2- t o  3-week sup p l y  d ur i ng t h e  ex p er i ment an d stored und er c: over 
af t er gr i nd i ng .  
2 .  Ground w i t h  water added t o  g i ve r ec on s t i tuted h i g h ­
moi sture ear c or n  and stor ed i n  an ox ygen-l i mi t i ng s i l o  
( 1 7  f t  x 50 f t  Harves t or e ) . 
3 .  Gr oun d  w i t h  water added a s  f or t r eatment 2 and st ored 
i n  a conven t i on a l  t ower s i l o  ( 1 9 f t  x 50 f t  c on c r et e  st ave > . 
The ear c or n  Ltsed f or t h e  ex p er i ment was h ar vested t h e  
p r ev i ous f al l at a h i gh moi sture c on t en t . I t  w a s  stor ed o n  t h e  
g r ound over w i n t er i n  a t a l l ,  l on g  w i ndrow w i t hout c over . 
Gr i nd i ng f or s i l o  storage was w i t h  a t ub g r i n d er usi ng a 1 / 2 
i n ch screen . The gr ound c o r n  was moved f r om t h e  gr i n d er to a 
f or ag e  wagon . Each l oad was wei g h ed and b l own i nt o  one of t h e  
s i l os w i t h  water a d d ed t h r ou g h  a 5/9 i nc h  hose at t h e  f orage b o>� 
b eater as un l oaded . 
The c or n  f or storage und er atmospher i c:  cond i t i on s  was 
stored i n  si x c r i b s made w i t h  sno w  f en c e .  The who l e ears were 
e l evated i n t o  the cr i bs af t er wei g h i n g . The g r a i n l ost t h r ough 
sha t t er i ng wh en e l evat i n g i nt o  t h e  c r i b s  was recovered and 
deducted f rom l oad wei g h t s  to get net s t or ed f or t h i s  t reatmen t .  
A samp l e  was t a k en f r om each l oad o f  g r ound g r a i n b ef ore 
water was added to o b t a i n the amount of d r y  matt er st ored i n  
each s i l o . Sever a l  ears were t ak en f rom eac h  l oad u n d er cr i b  
storage and dr i ed t o  d et ermi n e  d r y  matt er s t or ed . Th i s  c orn 
was g r ound w i t h  same g r i n d er as f or t h a t  stored i n  t h e  s i l o . I t  
was g r ound a s  needed f or a 2 - t o  3-week sup p l y  and stored under 
c over . 
Gr i nd i n g  and stor age of t h e  c or n  b e g an on Marc h  1 4 .  Oper a­
t i on s  wer e c on t i n ued depen d i n g  upon weat h er and f i r mn ess of 
ground at storage are a .  I n i t i al l y ,  operat i on s  wer e l i mi t ed by 
t h e  t i me f r oz en g r ound woul d supp or t  e q u i pment . Later , t h er e  
was a d e l ay i n  t h e  ground becomi n g  f i rm enough t o  sup p or t  t h e  
equi pment . These f a c t or s  r esu l t ed i n  a p er i od f r om Marc h  1 4  t o  
Apr i l 1 8  dur i ng wh i ch t h e  c or n  was p r oc essed and stored . 
I t  was c o n s i dered t h e  best pr ocedures wou l d b e  to f i l l  one 
s i l o ,  t h en t h e  ot her w i t h  t h e  rema i n d er st ored as wh o l e ears i n  
t h e  c r i bs .  Any c h an ges i n  moi stur e c ontent of t h e  corn wh i ch 
c ame f r om c h an g i n g weather c on d i t i on s  wou l d b e  l ess ser i ous t h an 
an ex t en ded p er i od dur i n g  f i l l i ng of a st ructur e .  Fi l l i ng of 
the c on c r et e  stave s i l o  was f r om Mar ch 1 4  to Mar ch 2 1 , Mar ch 3 1  
t o  Apr i l 1 5  f or the Harvest ore and Apr i l 1 6  t o  Apr i l  1 8  f or cr i b  
st orage of wh o l e ear s .  
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A l l d r y  mat ter val ues wer e deter m i ned by d r y i n g  i n  a 
f or ced-d r af t  oven . A t emp er ature of 1 00 C was used f or samp l es 
of unf er ment ed corn at storag e .  Dur i n g f eed i n g ,  samp l es wer e 
taken at week l y  i n t erval s ,  c omp osi t ed f or mon t h J y averages an d 
dry matter f ed deter m i ned b y  mont h l y  wei g h  p er i od s .  These 
samp l es were dr i ed at 70 C .  
Rate o f  f eed i ng at the b eg i nn i ng o f  t h e  ex per i men t was 
about 1 2  l b  of dry mat t er p er h ead d a i l y . I n c r eases f or each 
d i et wer e about 1 . 5  l b  per h ead d a i l y  unt i l the c a t t l e  wer e 
essent i al l y  on f ul l f eed i n  7 t o  9 d ay s . Th ereaf t er , the rate 
of f eed i ng was r eg u l ated to amount s  that woul d b e  near l y  
c on sumed by t h e  nex t f eed i ng .  Tota l  f eed of f er ed each d ay on an 
as-f ed basi s was deter m i n ed by exami n i ng f eed r emai n i ng i n  t h e  
f eedb un k s  f or each p en and c h ec k i ng amounts f ed t h e  p revi ous 
d ay .  A f eed i ng sched u l e was used to d et er m i n e  t h e  d i st r i but i on 
between g r ound ear c or n  and sup p l ement ( 92/. an d 8/. of dry d i et )  
on an as-f ed basi s .  D i et s  were b a t c h  m i x ed o n  a p en basi s and 
f ed onc e  d a i l y . 
The catt l e  were wei ghed at 4-week i n terva l s i n  ear l y  
morn i n g bef ore f eed i ng .  The ex p er i ment was t er m i nated af t er 124 
days when t h e  supp l y  of c r i b b e d  c or n  was dep l eted . We i gh t  of 
t h e  catt l e  at t h i s t i me was ab out 1 000 l b .  
The c or n  remai n i ng i n  each s i l o  was t h en f ed t o  t hese 
c att l e  to deter m i n e  the quan t i ty of c or n  stored that was r e­
c overed f or f eed i n g .  
Dry matt er l osses a s  af f ec t ed b y  storage meth od are shown 
t i me 
t o  
i n  t ab l e 1 .  Days i n  stor age a r e  f r om mi d po i n t  o f  t h e  
i nvol ved i n  p r oc essi n g  and f i l l i ng o f  stor age struct ur es 
t ermi n a t i on of f eed -out f ol l ow i n g  the f eed i ng t r i al . 
A l though t here were some d i f f er en c es i n  t i me bet ween 
f i l l i n g t h e  two si l os ,  d i f f er en c es i n  d r y  matt er an d protei n 
va l ues f or t h e  c or n  as stored are consi dered t o  be wel l wi th i n  
normal samp l i ng err or f or two samp l es t a k en f r om the same f eed 
sour c e .  These val ues obtai ned as t h e  ear c or n  was f ed i nd i cate 
essen t i a l l y  n o  d i f f er e n c e  between ear c or n  at f eed i n g  f r om t h e  
t w o  structur es . T h e  l ower d r y  matt er val ues woul d resu l t f r om 
t h e  water added as t h e  c orn was un l oaded at t h e  si l o  b l ower . 
The protei n c on t en t  of ear c or n  f ed f r om each si l o  was 1. 15 
p er c en t ag e  un i t s C dr y ) h i gher t h an that at stor ag e .  An i nc r ease 
coul d resul t f r om samp l i ng er ror , an a l yt i c al er r or , or dry 
mat ter c arbohydrate l osses in f er ment at i on and oven dryi n g  ex ­
these l osses f or protei n .  The l at t er wou l d n ot appear t o  
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ex p l ai n  t h e  i nc r ease i n  v i ew of the smal l l osses i n  dry mat t er 
dur i n g st orage f or e i t h er s i l o . Dry matter r ecovered as a 
p er c en t a g e  of t hat st or ed i nd i cated h i gh r ec overy rates wi t h  
on l y  smal l d i f f erences b et ween t h e  t wo s i l os .  
Losses d ur i ng f er me n t at i on o f  h i gh moi sture · g r a i n and 
l osses i n  v o l at i l e  mater i al s  i n  oven dryi n g  f re quen t l y  ex ceed 
the dry matt er l osse s  shown i n  t ab l e  1 Q  The c or n  was w e i g h ed at 
stor a g e  i n  l oa d s. cf around 6 t en s .  Wei g h t s  f or rec overy were 
d a i l y  f eed r ec or d s  f or 1 2  pens each w i t h  9 catt l e  f ed f r om each 
s i l o . These d i f f er en c es i n  wei g h i ng p r ocedur es c ou l d resu l t i n  
s i z ab l e  err or s  i n  wei g h t s  f or dry matt er c a l c u l a t i on s .  However , 
i t  wou l d seem reasonab l e  t o  ex pect t hat any error s woul d b e  
s i m i l ar b et ween t h e  t wo s i l os ,  s i n c e  t h e  same p r ocedures were 
used f or each i n  stor i ng and f eed i ng .  The d a t a  do i nd i c at e  a 
h i gh r a t e  i n  r ec overy o f  dry matt er stored and s i mi l ar rates f or 
each meth od o f  s t or ag e .  
TABLE 1 .  EAR CORN DRY MATTER LOSSES AS 
AFFECTED BY STORAGE METHODS 
Days stored 
Ear c or n  stored 
DM , 'Y. 
Wet , l b  
Dry ,  l b  
Prot e i n < dr y > , ;. 
Ear c or n  r ec overed 
DM , 'Y. 
Wet , l b  
Dry ,  l b  
Prot e i n ( dr y > , 'Y. 
Ear c or n  DM recovered 
of the t o t a l  st ored , 'Y. 
A i r-dry 
c r i bs 
1 79 
75 . 72 
3 1 0 , 379 
235 , 0 1 9  
84 . 90 
9 .. 98 
Rec on st i tuted 
Harvest ore 
205 
73. 99 
348 , 800 
258 , 077 
8 . 52 
67 . 67 
369 , 567 
250 , 086 
9 . 67 
96 . 90 
Rec onst i tut ed 
concrete stave 
2 1 8  
72 . 64 
42 1 ,  1 30 
305 , 909 
8 . 37 
68 . 50 
440 , 357 
30 1 , 645 
9 . 52 
98 . 60 
Dry matt er rec overed f rom the a i r-dry g r a i n stored i n  t h e  
snow f en c e  c r i bs was n o t  compar ed t o  t h a t  f r om s i l os ..  Proce­
dures i n  stor i ng ,  process i n g  and f eed i n g  d i f f er ed c on s i d er ab l y  
f r om t hose used f or st or ag e  i n  t h e  s i l os .  Dry mat t er l osses 
�ur i ng storage of whol e ear c or n  and i n  p r oc essi n g  and f eed i n g  
shoul d b e  smal l w i th g ood stor age str u c t ur es and good management 
i n  process i n g  an d f eed i ng .  
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Feed l ot p e r f ormanc e  of t h e  c at t l e  f ed ear c:orn stored 1..1n d er 
t h e  t h r ee c on d i t i on s  i s  shown i n  t ab l e  2 .  Steer s f ed t h e  ai r ­
dry g r ound c or n  w i t h  supp l ement gai n e d  :2 . 72 l b  d a i l y  w i t h  6 . 99 
l b  of f eed ( dr y >  r equi r ed per p ound o f  g a i n over t h e  1 24-day 
ex p er i ment .  
St eer s f ed h i gh-mo i stur e ear corn g a i ned at a f aster r a t e  
wi th a n  advant ag e  over d r y  c or n  of 9 . 97. f er those f ed c or n  f r om 
the Harvesters and 1 4 . 07. f or t hose f ed corn f rom t h e  concrete 
stave si l o. 
Feed c on sump t i on was s l i gh t l y l es s  f or steers f ed f r om t h e  
Harvestore .  Th i s  l ower f eed i nt ak e  an d the l ower r a t e  o f  gai n 
resu l ted i n  about equal f ee d  ef f i ci en c y  b etween steers f ed ear 
c or n  f rom the Harvesto r e  or c on c r et e  stave si l o .  
The f avorab l e  rates of g a i n and f eed ef f i c i en c y  shown f or 
ear c or n  d i et s  l i ke l y were i nf l uenced b y  t er m i n at i on of t h e  
ex p er i ment at wei gh t s  l ess t h an mar k et f i n i sh .  However , t h e  
1 24-d ay f ead i ng ex per i ment and s i l o  stor ag e  t i me i n  ex c ess of 
200 d ays shoul d be suof f i c i en t  f or c ompar i sons between t h e  
met hods of stor age and -f eed i n g val ue of t h e  ear c or n . 
TABLE 2 .  FEEDLOT PERFORMANCE OF F I N I SH I NG CATTLE AS 
AFFECTED BY EAR CORN STORAGE METHODS 
< June 1 0  to Oct ob er 1 2 ,  1 24 d ay s > 
I tem 
No . of an i mal s 
I n i t i al shrun k wt , l b  
Fi n a l  shrun k wt , l b  
Avg d a i l y  g ai n ,  l b  
Avg d a i l y  f eed , l bb 
Avg f ee d  t o  g a i n r at i ob 
Ai r-dry 
cr i bs 
95 8 
642 
979 
2 . 72 
1 9 a 0 1  
699 . 
Reconst i tuted 
Harvest or e 
96 
642 
1 0 1 3  
2 . 99 
1 9 . 3 1  
6 1 2  
Reconst i tuted 
c on c r et e  st ave 
96 
640 
1 023 
3 . 1 0  
1 9 . 1 6  
6 1 8  
________________________________________ .,... _______________________ _ 
a 
I n i t i a l l y  96 steers but one d i ed of acute p o l i o  en c e l p h a l s 
ma l ac i a .  
b 
Feed val ues ar e on a dry b as i s .  
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EFFECT OF ba�IQ�a�IbbY§ Ebe�raBY� ON 
M I CROB I AL POPULAT I ONS , S I LAGE QUAL I TY ,  
UT I L I Z AT I ON AND PRESERVAT I ON 
J .  Noth n ag e l  and R .  M .  Luth er 
Depart ment of An i ma l  an d Rang e Sc i enc es 
CATTLE 84-6 
Corn f or ag e  f r om t h e  1 982 corn c r op was h ar vest ed at 
approx i matel y 6 1 7.  moi stur e .  One ex per i ment a l  c on c r et e  s i l o  was 
f i l l ed w i t h  untreated f or ag e  and anoth er wi t h  f or a g e  tr eated 
wi t h  a bes:tgliH�s.i!lY!i 2ls!l:tsc:Ym i n o c u l  ant .  The Lac t obac: i 1 1  us 
i nocul an� was added p r i or to ens i l i n g  b y  mi x i ng 10 g of i nocu­
l an t  ( 1 0 bi 1 1  i on CFU < Co l ony For m i n g  Un i t s >  / g )  p er t on of 
f or ag e  .. 
Measurement s  t aken were c ol.tnt s  of m i c r ob i o l og i c a l  g r oups ,  
chem i c a l  character i st i cs and h eat p r od uc t i on d ur i ng f er ment a­
t i on ,  d r y  matt er p er servat i on and n ut r i ent d i gest i b i l i ty and 
n i trog en reten t i on by beef st eer s .  
The t r eated s i l ag e  appeared t o  h ave a more f avorab l e  
m i crob i al p r of i l e  as evi denced by h i g h er anaer ob i c  popu l at i ons 
and l ower yeast and mol d c oun t s .  A l t hough c h em i c a l  qual i ty data 
are n ot c omp l et e ,  resu l t s  show t h at t h e  t r eated si l ag e  has a 
h i g h er l ac t i c  ac i d  c on t en t  < 4 . 80 vs 3 . 98 ) than unt r eated s i l ag e .  
T h e  d i g est i b i l i t i es o f  d r y  matt er , c rude p r o te i n and org an i c  
matt er wer e essent i al l y  t h e  same f or b ot h  s i l ag e s .  However , 
mor e n i tr ogen was r e t a i ned b y  steer s f ed t h e  tr eated s i l ag e  
< 4 1 . 59% v s  34 . 57h ) . Recovery of f eedab l e  s i l ag e  f r om b o t h  s i l os 
was unusua l l y  l ow at about 697. f or b o t h  of the s i l ages . 
The mak i ng of qua l i ty c or n  s i l ag e  i s  l ar g e l y d ep en d en t  upon 
a f ermen t at i on p r ocess that t a k es p l aee i n  the f or a g e  af t er 
ens i l i n g . Resear c h  h as s hown t h at m i cr ob i al popul at i on s  p r esent 
i n  t h e  f or ag e  ·ar e r esponsi b l e  f or f er mentat i on . These m i c r ob e s  
may vary wi del y even wi t hi n  t h e  same f i el d  of f or ag e .  Lew 
mi c r ob i al p op u l at i on s  appear to s l ow t h e  rat e  of < ex tent of > 
f erment at i on .  I no c ul at i on of f or ag e  wi t h  d es i r ab l e  bacter i a  
of f er s  a means of p r ov i d i ng adequat e types and n umbers t o  
i n i t i at e  f er mentat i on .  The ex p ec t ed r esul t wou l d b e  t o  i mp r ove 
p reservat i on and r ec overy of n utr i en t s . 
The obj ect i ve of th i s  study was t o  determi n e  the ef f ec t  of 
t r eat i ng corn f or a g e  w i th a bs��Qessill�§ el�n�s�Ym si l ag e  i noc:­
u l an t  on corn s i l ag e  qual i ty .  Response t o  i nocu l at i on was 
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compared t o  untreated f or a g e  i n  t erms of m i c r ob i ol og i c a l  c ompo­
si t i on d ur i ng the f ermen t at i on p er i od ,  c h em i c a l  ch ar ac t er i st i c s 
and p reservat i on of dry mat t er . The study a l so emp h as i z ed 
d i gest i b i l i t y of nut r i ent s  and n i t r og en u t i l i z at i on b y  b eef 
st eer s .  
Corn f or ag e  f rom t h e  1 982 c o r n  c r op was harvested at 
ap p r ox i ma t e l y 6 1 r.  moi sture wi t h  a c on vent i on a l  f orage c hopper . 
The c h op p ed f or ag e  was wei ghed i n  a f eed m i x i ng wagon a e qu i p p e d  
wi th a s c a l e .  For age was a l l owed t o  m i x f or about 1 0  m i nut es 
and t h en p a c k ed i nt o  r e i nf or c ed c o n c r e t e  c u l vert s i l os wh i ch 
wer e 6-f oct h i gh w i t h  a 5-f oot d i amet er . One si l o  was f i l l ed 
wi t h  untreated f or ag e  a n d  t h e  oth er w i t h  f or a g e  i nocul at�d w i th 
10 g of p r oduct p er -tob1 < 10 bi 1 1  i on b:s!:1l2Qs!:il1Ya e.lsn:ts!:.b\!!l 
c o l on y  f or m i ng un i ts / g ) • Each s i l o  was covered wi t h  p l ast i c  
and a wooden l i d  p l aced on t h e  top . Appro>: i matel y 1 200 l b  of 
c ement b l oc k s  wer e add ed f er wei gh t  an d anot her l ayer o f  p l ast i c 
p l aced over t h e  t op . A t h er m i stor p r ob e  was i nser t ed i nt o  t h e  
c en t er o f  t h e  s i l ag e  mass t o  p ermi t r ec or d i ng o f  t emper atur es . 
Samp l es of f or a g e  were t a k en d ur i ng f i l l i ng and as t h e  s i l ag e  
was r emoved f or f eed i ng .  I n  add i t i on ,  samp l es wer e removed 
t h r ough ports l oc at ed i n  t h e  wal l of each s i l o  d ur i ng the f i rst 
21 d ays of the f erment at i on p r oc ess . Each p or t  was f l ushed w i t h  
c ar b on d i ox i de af t er samp l i ng .  
�i�C9Qi9l99i�s1 0asl�aia • A ser i es of p l at i ng stud i es were 
made usi ng 1 0-g sub samp l es of ensi l ag e  t a k en f rom a p or t . The 
sub samp l e  was p l ac ed i n  i nd i vi dual , ster i l e  War i ng b l enders 
c ont ai n i ng 90 m l  of ster i l e  d i st i l l ed water . I n oc u l a�,rs of 95 1 
ml wer e -* str i buted t o  i nc ub at i on p l ates t o  g i ve a 1 0  , 1 0  _8 and 1 99 f i na�18 l at e  d i l ut i on w i th f r esh f or ag e , w h er eas 1 0  and 1 0  and 1 0  f i n a l  d i l ut i on s wer e used f or ensi l ag e .  The 
med i a sel ect ed f or enumer at i on of total aer ob es and total anae­
r obes was tomato j ui c e  agar < Di f e o > ; f or b:��te�s�il!! spp .  MRS 
< Di f e o >  and f or yeast s and mol d s  p ct at oe d ex t r ose agar wi th an 
ant i b i ot i c .  I nc ub at i ons wer e c on d uc t ed i n  t h e  d a r k  at 30 C .  
Anaerob i c  cond i t i ons i nvol ved t h e  use of a BBL Gas Pak anaerob i c  
system . Three p l ates were used per d i l ut i on f or t h e  d et ermi n a ­
t i on of c o l ony-f or m i n g  un i t s .  Samp l es f or t h i s p h a s e  o f  t h e  
study were t a k en o f  t h e  stand i ng c o r n  c r op ; c hopped f or ag e  at 
ensi l i n g ; and ensi l ag e  at 2 ,  4 ,  6 ,  9 ,  1 2 ,  1 5 ,  1 8  and 24 hr 
af ter ensi l i n g  on d ay 1 ,  at 30 , 36 , 42 and 48 and 52 hr af t er 
en si l i n g  on d ay 2 and at 52 , 60 , 66 and 72 hr on day 3 .  
Thereaf t er samp l es were t a k en every 1 2  hr each d ay f or t h e  n ex t  
3 days and onc e  a d ay f or the nex t 1 0  d ays . Standar d  m i c r ob i o­
l og i c a l  p l at e  c ount t ec hn i ques were used . 
------------------
B l a i r Manuf actur i n g Company ,  Bl a i r ,  NE . 
b 
B i omax S I .  Chr . Hansen ' s  Laboratory , Mi l wau k ee ,  W I . 
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Chem i c a l  s i l ag e  qual i ty deter m i nat i ons were comp l eted i n  
t h e  l ab or atory on samp l es c o l l ec t ed at storag e , d ur i n g ensi l i ng 
and at f eed i n g .  The tests i nc l uded moi stur e ,  p H ,  t i tratab l e  
ac i d i ty ,  total n i t r og en , ammon i a  n i t r og en , l ac t i c ac i d  and or­
g an i c ac i ds ( ac et i c: ,  p r op i on i c: ,  butyr i c ) . 
Ut i l i z at i on of n ut r i en t s  f rom unt r ea t ed and t r eated si l ag e  
was d et er m i ned i n  a d i g est i on -n i t r og en b a l an c e  t r i a l  wi t h  b eef 
steer s .  Twel ve steer s aver ag i ng 577 l b  were p l aced i n  
i nd i vi dual p en s  i n  t h e  An i ma l  S c i enc e  Comp l ex .  The steers wer e 
f ed c or n  s i l ag e  < un t r eated > f r om anoth er sourc: e  f or about 2 
wee k s .  Th e steer s wer e t h en wei g hed and a l l ot t ed t o  t h e  t wo 
s i l ag e  t r eatment s  w i t h  6 steers p er t r eatmen t . The ex p er i men t a l  
s i l ages wer e f u l l -f ed f or a n  add i t i on a l  week a n d  t h en t h e  st eers 
were p l ac:ed i n  metabo l i sm c: r at e s . T h e  steer s  were al l owed t o  
adj ust t o  t h e  c rates and a 5-day t o t a l  c:ol l ec: t i on d i g est i on ­
n i trogen b a l ance t r i a l  c: cn d u c t ed e Corn si l ag e  was f ed t o  
appet i t e  and a p r ot e i n sup p l ement was t op -d ressed to t h e  si l ag e  
a t  a r a t e  o f  1 . 1 4 l b  p e r  head d a i l y .  The sup p l ement c on s i sted 
of 587. soybean meal ( 447. p r ot ei n > , 28 . 77. g r ound c or n ,  2 . 01.. 
gr ound l i meston e ,  6 . 37. d i c a l c i um p h os ph at e ,  5 . 0X � r a c e  mi n er a l  
sal t a n d  v i t am i n A C l 0 , 000 I U / l b > . 
Ur i ne and f ec es were c o l l ec t ed onc e  d a i l y ,  measur ed or 
wei g h ed , an d a 1 07. a l i quot of each saved f or c h emi c a l  ana l ysi s .  
The f ec a l  mater i al was f r oz en and t h e  ur i ne st ored under ref r i g ­
erat i on .  Di gest i b i l i t y c oef f i c i ents were c a l c u l ated f or d r y  
mat t er , c rude p r ot e i n ,  organ i c  mat t er . Ni t r ogen reten t i on was 
r ep or t ed as a p er cent a g e  of that con sumed . 
Preservat i on of n ut r i en t s  was deter mi ned on t h e  b asi s of 
dry mat t er stored versus dry matt er r emoved f r om the si l o . 
Spoi l ed s i l ag e  was separated f r om g ood si l ag e ,  wei ghed and 
samp l ed as the s i l os wer e emp t i ed .  Dry matt er and p r ot e i n 
p r eservat i on were deter m i n ed f or each si l ag e  t reatmen t . 
The m i c r ob i al c omposi t i on of t h e  ex per i men t a l  si l ag es 
dur i n g t h e  f i r st 1 5  d ays of stor age are pr esent ed i n  f i g ures 1 
t hr ough 4 .  The c o l ony f or m i n g  un i t  c ounts were somewhat var i ­
ab l e  wh i ch may h ave b een due to p or t -t o-port var i at i on .  Al so ,  
each port was samp l ed sever a l  t i mes . Th ere were sever al gener al 
tren d s  i n  the var i ous mi crob i o l og i c a l  p r of i l es .  The total aer o­
b i c b a c t er i a  counts sh own i n  f i gure 1 d i d not app ear to d i f f er 
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great l y  b etween t h e  t wo s i l ag e s . However , somewhat l ar ger n um­
b er s  wer e ob served i n  t h e  untr eated s i l ag e . Th e t o t a l  anaerob i c  
counts p r esen t ed i n  f i g ur e  2 wer e general l y  h i g her f or t h e  
tr eated s i l ag e  f or most o f  t h e  d ays of ensi l i n g  t h a n  f or t h e  
un tr eated s i l ag e .  The h i g h er n umber of anaer ob i c  bacter i a  d i d 
n ot app ear t o  b e  due t o  bss:teQ.�sill!:!!! spp .  F i g ur e  3 shows t h at 
t h e  number of bss:tetH!Sill!:!a organ i sms was about t h e  same f or 
each s i l ages. Number of yeasts and m o l d s  ( f i gure 4 )  seemed t o  
i n c r ease ear l i er and m o r e  r ap i d l y  i n  t h e  tr eat ed s i l ag e  b ut t h en 
d r op p ed of f f aster t h an i n  t h e  untreated s i l age . 
Wh i l e  t h e  data f or t h e  var i ous mi c r ob e  g r oups d o  n ot 
p r esent a d ef i n i te t r en d , t h e  t r ea t ed s i l ag e  t en d ed t o  p r ov i d e  a 
mor e f avorab l e  med i um f or mi c r ob i al g r ow t h  t h an t h e  untr eat ed 
s i l ag e .  Fur t h er r esearc h  i s  n eed ed t o  substan t i ate th ese 
r esu l t s .  
The resu l t s  of t emperatures t a ken d ur i ng t h e  f er ment at i on 
p er i od are shown i n  f i g ur e  5 .  Temper at ur es at st or ag e  wer e 25 . 5  
C and 26 . 5  C .  I n  t h e  untreated ens i l ag e  peak t emperat ur es of 30 
C were r eached at 4 days and i n  t h e  tr eated s i l ag e  a h i gh of 29 
C was observed at 3 d ays . The t r eated si l ag e  h ad g en er a l l y  
l ower t emperatur es t h r oughout f er ment at i on t h an t h e  un tr eat ed 
si l ag e .  
Data f r om t h e  c h em i c a l  an a l yses o f  t h e  samp l es o f  f or a g e  
an d s i l ag e  ar e p r esent ed i n  t ab l e  1 .  The pH val ues wer e wel l 
b e l ow 4 wh i ch wou l d i nd i cat e  f or mat i on of qua l i ty si l ag e .  A 
t i tratab l e ac i d i ty val ue of 7 . 75 f or t h e  untr eated s i l ag e  ver sus 
8 . 92 f or t h e  t reated s i l ag e  p o i n t s  t oward h i g h er ac i d  f ormat i on 
i n  t h e  tr eat ed s i l ag e .  The h i g h er l ev e l  of ac i d  was p art i al l y 
t h e  r esu l t  of � h i g her l ac t i c  ac i d  l evel ( 4 . 80% of t h e  d r y  
matter > i n  t h e  tr eat ed s i l ag e  as c ompar ed t o  3 . 98% t h e  untr eat ed 
s i l ag e .  Ammon i a  n i t r og en val ues wer e  essen t i al l y  the same f or 
t h e  unt r eated s i l ag e  as f or t h e  treated s i l ag e .  Vol at i l e  f at t y  
ac i d  ana l yses h ave n o t  b een c omp l eted . 
Resu l ts of d i g est i on and n i trog en b a l an c e  stud i es wi t h  
st eers are p r esent ed i n  tab l e  2 .  D i g est i b i l i ty d a t a  f or d r y  
matter , c r u d e  protei n a n d  or gan i c mat t er show on l y  sma l l d i f f er ­
ences b et ween t h e  two ex per i ment a l  si l ages . The reten t i on of 
n i trogen was 34 . 577. of that c on sumed f or the steer s f ed t h e  
untreated s i l ag e  as c ompared t o  4 1 . 59% f or those f ed t h e  trated 
s i l ag e .  N i tr ogen i nt a k e  was about 1 0% gr eater f or t h e  steer s  
f ed t h e  treated s i l ag e ,  but n i tr ogen reten t i on by t hese st eers 
great l y  ex c eeded t h i s val ue . 
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Dry mat t er recovery of t h e  tr eat ed and untreated s i l ag e  i s  
pr esent ed i n  t ab l e  3 .  Feed ab l e  d r y  mat ter as a percentage of 
dry mat t er ens i l ed was l ow < ab out 69X > i n  t h i s stud y . Spo i l ag e  
l osses wer e h i g h er t h an p r ev i ous l y ob served i n  th ese s i l os .  The 
reason f or these l osses may have b een due to the ex p osure to a i r 
through t h e  port open i n g s  wi th r e p eated samp l i ng .  Wh i l e  c arbon 
d i ox i de was f l ushed i nt o  t h e  p er t s ,  p er haps t h e  quan t i ty was n ot 
suf f i c i ent t o  mai n ta i n anaerob i c  c ond i t i on s .  
TABLE 1 .  CHEM I CAL PROF I LES OF CORN S I LAGE FOR FEED I NG AS 
AFFECTED BY BACTER I AL I NOCULAT I ON 
§ilss� f ac f �gsing 
Unt r eated Treated a 
Dry matt er , Y. b  37 . 4 1 
pH 3 . 89 
Ti t r at ab l e  ac i d i !Y c 7 . 75 
Ammon i a  n i t r og en O a l 64 
E�cs�ot gf QC� me!t@c 
Crude p r ot e i n 8 . 37 
Lac t i c ac i d  3 . 98 
I nocul ated wi th bsS!QQsSillY§ elsO!sCYID 
product at r at e  of 1 0  g p er t on of f or ag e .  
b 
Tol uene d i st i l l at i on w i th ac i d  c o r r ec t i on .  
M i l l i l i ters of . l N KOH t o  r a i se p H  t o  7 .  
d 
Per c ent of t ot a l  n i t r og en m 
5 1  
37 a l 5  
3 . 82 
8 . 92 
0 . 1 54 
8 . 45 
4 . 80 
f er mentat i on 
TABLE 2 .  D I GEST I B I L I TY AND N I TROGEN BALANCE OF < UNTREATED 
AND M I CROB I AL I NOCULATED CORN S I LASE > FED TO BEEF STEERS 
Unt r eated Treated a 
- - �--------------------------------�---�-�- ---��----------------
No E of steers 6 6 
Avg wei g h t , l b  582 572 
Avg d a i l y  dry 
matt er i nt a k e ,  l b  1 2 . 34 1 3 . 37 
Avg d a i l y  n i tr ogen i nt ak e ,  g m  89 . 36 98 . 32 
)2i_gg!§:tit!ili:t�.s. � 
Dry mat t er 69 . 43 70 . 36 
Crude p r ot e i n 59. 02 6 1 . 27 
Org an i c  mat t er 70 . 65 7 1.. 60 
Mi:tr:12gf:o t!.§lsD!:!b. s.l!;;!e� 
Feca l  3 6 . 64 38. 02 
Ur i nary. 2 1 a 83 1 9 . 4 1  
Ret a i ned 30 . 89 40 . 89 
Perc en t  r e t a i n ed of c on sumed 3 4 m 57 4 1 . 59 
a 
bs�:t!ilt!e�il!Ya elsD:te�Ym , Bi o  Max S I , Chr . Hansen � s 
Labor a t ory , a pp l i ed at 1 0  g per t on o f  f or ag e .  
Dry 
TABLE 3 .  DRY MATTER RECOVERY O F  CORN S ILAGE DRY MATTER AS 
AFFECTED BY A M I CROB I AL S I LAGE I NOCULANT 
matt er of c or n  f or ag e ,  % 
Untreat ed 
38 . 95 
Mi c r ob i a l 
i nocul ated 8 
38 . 65 
Total dry matt er st ored , l b  1 357 . 97 1 592 . 46 
Tota l  dry matt er of f ed s i l ag e , l b  
As percen t  o f  d r y  mat t er 1 087 . 37 1 069 . 1)3 
Stored , 'Y. 69 . 79 68 . 8 1 
Qi::t ms:t:tgi: lasasts 
Spoi l ag e ,  l b  
As percent of dry matter 345 s 64 3 1 7 . 23 
Stored , % 22 . 1 9  1 9 . 92 
Nonrecovered , l b  
As perc:en·t of d r y  matter 1 24 . 96 206 . 20 
Stored , /. 8 e 02 1 2 . 95 
a 
bsS'.t9QsSiliYe elsOts!:Yffi , Bi c Max S I , Chr . Hansen � s  
Labor at ory , app l i ed at 1 0  g per t on of f or a g e .  
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